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Given the value of n, determine one of the 
following: 

(i) If the value of n is less than or equal to 
n1 and if the mean energy efficiency of the 
first sample (X1) is equal to or greater than 
the lower control limit (LCL1), the basic 
model is in compliance and testing is at an 
end. 

(ii) If the value of n is greater than n1, the 
basic model is not compliant. The size of a 

second sample n2 is determined to be the 
smallest integer equal to or greater than the 
difference n¥n1. If the value of n2 so cal-
culated is greater than 21¥n1, set n2 equal to 
21¥n1. 

(8) Compute the combined (X2) mean of the 
measured energy performance of the n1 and 
n2 units of the combined first and second 
samples as follows: 

(9) Compute the standard error (SE(X2)) of 
the mean full-load efficiency of the n1 and n2 

units in the combined first and second sam-
ples as follows: 

(Note that S1 is the value obtained above 
in (2).) 

(10) Set the lower control limit (LCL2) to, 

where t has the value obtained in (5) and 
SSD(m1) is sample size discount determined 
in (4), and compare the combined sample 
mean (X2) to the lower control limit (LCL2) 
to determine one of the following: 

(i) If the mean of the combined sample (X2) 
is less than the lower control limit (LCL2), 
the basic model is not compliant and testing 
is at an end. 

(ii) If the mean of the combined sample 
(X2) is equal to or greater than the lower 
control limit (LCL2), the basic model is in 
compliance and testing is at an end. 

[76 FR 12451, Mar. 7, 2011; 76 FR 24781, May 2, 
2011] 

PART 430—ENERGY CONSERVA-
TION PROGRAM FOR CONSUMER 
PRODUCTS 

Subpart A—General Provisions 

Sec. 
430.1 Purpose and scope. 
430.2 Definitions. 
430.3 Materials incorporated by reference. 
430.4 Sources for information and guidance. 

Subpart B—Test Procedures 

430.21 Purpose and scope. 
430.23 Test procedures for the measurement 

of energy and water consumption. 
430.24 [Reserved] 
430.25 Laboratory Accreditation Program. 
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430.27 Petitions for waiver and interim 
waiver. 

APPENDIX A TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF ELECTRIC RE-
FRIGERATORS AND ELECTRIC REFRIG-
ERATOR-FREEZERS 

APPENDIX A1 TO SUBPART B OF PART 430— 
UNIFORM TEST METHOD FOR MEASURING 
THE ENERGY CONSUMPTION OF ELECTRIC 
REFRIGERATORS AND ELECTRIC REFRIG-
ERATOR-FREEZERS 

APPENDIX B TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF FREEZERS 

APPENDIX B1 (ALTERNATIVE) TO SUBPART B OF 
PART 430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMPTION OF 
FREEZERS 

APPENDIX C TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF DISHWASHERS 

APPENDIX C1 TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF DISHWASHERS 

APPENDIX D TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF CLOTHES DRY-
ERS 

APPENDIX D1 TO SUBPART B OF PART 430— 
UNIFORM TEST METHOD FOR MEASURING 
THE ENERGY CONSUMPTION OF CLOTHES 
DRYERS 

APPENDIX D2 TO SUBPART B OF PART 430— 
UNIFORM TEST METHOD FOR MEASURING 
THE ENERGY CONSUMPTION OF CLOTHES 
DRYERS 

APPENDIX E TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF WATER HEATERS 

APPENDIX F TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF ROOM AIR CON-
DITIONERS 

APPENDIX G TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF UNVENTED HOME 
HEATING EQUIPMENT 

APPENDIX H TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
POWER CONSUMPTION OF TELEVISION SETS 

APPENDIX I TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF CONVENTIONAL 
RANGES, CONVENTIONAL COOKING TOPS, 
CONVENTIONAL OVENS, AND MICROWAVE 
OVENS 

APPENDIX J1 TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF AUTOMATIC AND 
SEMI-AUTOMATIC CLOTHES WASHERS 

APPENDIX J2 TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF AUTOMATIC AND 
SEMI-AUTOMATIC CLOTHES WASHERS 

APPENDIXES K–L TO SUBPART B OF PART 430 
[RESERVED] 

APPENDIX M TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF CENTRAL AIR 
CONDITIONERS 

APPENDIX N TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF FURNACES AND 
BOILERS 

APPENDIX O TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF VENTED HOME 
HEATING EQUIPMENT 

APPENDIX P TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF POOL HEATERS 

APPENDIX Q TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF FLUORESCENT 
LAMP BALLASTS 

APPENDIX Q1 TO SUBPART B OF PART 430— 
UNIFORM TEST METHOD FOR MEASURING 
THE ENERGY CONSUMPTION OF FLUORES-
CENT LAMP BALLASTS 

APPENDIX R TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING AV-
ERAGE LAMP EFFICACY (LE), COLOR REN-
DERING INDEX (CRI), AND CORRELATED 
COLOR TEMPERATURE (CCT) OF ELECTRIC 
LAMPS 

APPENDIX S TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
WATER CONSUMPTION OF FAUCETS AND 
SHOWERHEADS 

APPENDIX T TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
WATER CONSUMPTION OF WATER CLOSETS 
AND URINALS 

APPENDIX U TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF CEILING FANS 

APPENDIX V TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF CEILING FAN 
LIGHT KITS 

APPENDIX W TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF MEDIUM BASE 
COMPACT FLUORESCENT LAMPS 

APPENDIX X TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF DEHUMIDIFIERS 

APPENDIX Y TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF BATTERY CHAR-
GERS 

APPENDIX Z TO SUBPART B OF PART 430—UNI-
FORM TEST METHOD FOR MEASURING THE 
ENERGY CONSUMPTION OF EXTERNAL 
POWER SUPPLIES 

APPENDIX AA TO SUBPART B OF PART 430— 
UNIFORM TEST METHOD FOR MEASURING 
THE ENERGY CONSUMPTION OF FURNACE 
FANS 
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Subpart C—Energy and Water 
Conservation Standards 

430.31 Purpose and scope. 
430.32 Energy and water conservation stand-

ards and their compliance dates. 
430.33 Preemption of State regulations. 
430.34 Energy and water conservation stand-

ards amendments. 
430.35 Petitions with respect to general 

service lamps. 
APPENDIX A TO SUBPART C OF PART 430—PRO-

CEDURES, INTERPRETATIONS AND POLICIES 
FOR CONSIDERATION OF NEW OR REVISED 
ENERGY CONSERVATION STANDARDS FOR 
CONSUMER PRODUCTS 

Subpart D—Petitions To Exempt State Reg-
ulation From Preemption; Petitions To 
Withdraw Exemption of State Regula-
tion 

430.40 Purpose and scope. 
430.41 Prescriptions of a rule. 
430.42 Filing requirements. 
430.43 Notice of petition. 
430.44 Consolidation. 
430.45 Hearing. 
430.46 Disposition of petitions. 
430.47 Effective dates of final rules. 
430.48 Request for reconsideration. 
430.49 Finality of decision. 

Subpart E—Small Business Exemptions 

430.50 Purpose and scope. 
430.51 Eligibility. 
430.52 Requirements for applications. 
430.53 Processing of applications. 
430.54 Referral to the Attorney General. 
430.55 Evaluation of application. 
430.56 Decision and order. 
430.57 Duration of temporary exemption. 

Subpart F [Reserved] 

430.60–430.75 [Reserved] 
APPENDIXES A–B TO SUBPART F OF PART 430 

[RESERVED] 

AUTHORITY: 42 U.S.C. 6291–6309; 28 U.S.C. 
2461 note. 

SOURCE: 42 FR 27898, June 1, 1977, unless 
otherwise noted. 

Subpart A—General Provisions 

§ 430.1 Purpose and scope. 
This part establishes the regulations 

for the implementation of part B of 
title III (42 U.S.C. 6291–6309) of the En-
ergy Policy and Conservation Act (Pub. 
L. 94–163), as amended by Pub. L. 95– 
619, Pub. L. 100–12, Pub. L. 100–357, and 
Pub. L. 102–486 which establishes an en-
ergy conservation program for con-

sumer products other than auto-
mobiles. 

[62 FR 29237, May 29, 1997] 

§ 430.2 Definitions. 
For purposes of this part, words shall 

be defined as provided for in section 321 
of the Act and as follows— 

3-Way incandescent lamp means an in-
candescent lamp that— 

(1) Employs two filaments, operated 
separately and in combination, to pro-
vide three light levels; and 

(2) Is designated on the lamp pack-
aging and marketing materials as 
being a 3-way incandescent lamp. 

Act means the Energy Policy and 
Conservation Act of 1975, as amended, 
42 U.S.C. 6291–6316. 

Active mode means the condition in 
which an energy-using product— 

(1) Is connected to a main power 
source; 

(2) Has been activated; and 
(3) Provides one or more main func-

tions. 
Annual fuel utilization efficiency 

means the efficiency descriptor for fur-
naces and boilers, determined using 
test procedures prescribed under sec-
tion 323 and based on the assumption 
that all— 

(1) Weatherized warm air furnaces or 
boilers are located out-of-doors; 

(2) Warm air furnaces which are not 
weatherized are located indoors and all 
combustion and ventilation air is ad-
mitted through grill or ducts from the 
outdoors and does not communicate 
with air in the conditioned space; 

(3) Boilers which are not weatherized 
are located within the heated space. 

ANSI means the American National 
Standards Institute. 

Appliance lamp means any lamp 
that— 

(1) Is specifically designed to operate 
in a household appliance and has a 
maximum wattage of 40 watts (includ-
ing an oven lamp, refrigerator lamp, 
and vacuum cleaner lamp); and 

(2) When sold at retail, is designated 
and marketed for the intended applica-
tion, with 

(i) The designation on the lamp pack-
aging; and 

(ii) Marketing materials that iden-
tify the lamp as being for appliance 
use. 
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ARM/simulation adjustment factor 
means a factor used as part of a DOE- 
approved alternative rating method 
(ARM) to improve the accuracy of the 
calculated ratings for untested split- 
system central air conditioners or heat 
pumps. The adjustment factor associ-
ated with each outdoor unit must be 
set such that it reduces the difference 
between the SEER (HSPF) determined 
using the ARM and a split-system com-
bination tested in accordance with 
§ 430.24(m)(1). The ARM/simulation ad-
justment factor is an integral part of 
the ARM and must be a DOE-approved 
element in accordance with 10 CFR 
430.24(m)(4) to (m)(6). 

ASME means the American Society 
of Mechanical Engineers. 

Automatic clothes washer means a 
class of clothes washer which has a 
control system which is capable of 
scheduling a preselected combination 
of operations, such as regulation of 
water temperature, regulation of the 
water fill level, and performance of 
wash, rinse, drain, and spin functions 
without the need for user intervention 
subsequent to the initiation of machine 
operation. Some models may require 
user intervention to initiate these dif-
ferent segments of the cycle after the 
machine has begun operation, but they 
do not require the user to intervene to 
regulate the water temperature by ad-
justing the external water faucet 
valves. 

Ballast means a device used with an 
electric discharge lamp to obtain nec-
essary circuit conditions (voltage, cur-
rent, and waveform) for starting and 
operating. 

Ballast efficacy factor means the rel-
ative light output divided by the power 
input of a fluorescent lamp ballast, as 
measured under test conditions speci-
fied in ANSI Standard C82.2–1984. 

Ballast luminous efficiency means the 
total fluorescent lamp arc power di-
vided by the fluorescent lamp ballast 
input power multiplied by the appro-
priate frequency adjustment factor, as 
defined in Appendix Q1 of subpart B of 
this part. 

Baseboard electric heater means an 
electric heater which is intended to be 
recessed in or surface mounted on walls 
at floor level, which is characterized by 
long, low physical dimensions, and 

which transfers heat by natural con-
vection and/or radiation. 

Basic model means all units of a given 
type of covered product (or class there-
of) manufactured by one manufacturer, 
having the same primary energy 
source, and which have essentially 
identical electrical, physical, and func-
tional (or hydraulic) characteristics 
that affect energy consumption, energy 
efficiency, water consumption, or 
water efficiency; and 

(1) With respect to general service 
fluorescent lamps, general service in-
candescent lamps, and incandescent re-
flector lamps: Lamps that have essen-
tially identical light output and elec-
trical characteristics—including 
lumens per watt (lm/W) and color ren-
dering index (CRI). 

(2) With respect to faucets and 
showerheads: Have the identical flow 
control mechanism attached to or in-
stalled within the fixture fittings, or 
the identical water-passage design fea-
tures that use the same path of water 
in the highest flow mode. 

(3) with respect to furnace fans: Are 
marketed and/or designed to be in-
stalled in the same type of installation. 

Basic-voltage external power supply 
means an external power supply that is 
not a low-voltage external power sup-
ply. 

Batch means a collection of produc-
tion units of a basic model from which 
a batch sample is selected. 

Batch sample means the collection of 
units of the same basic model from 
which test units are selected. 

Batch sample size means the number 
of units in a batch sample. 

Batch size means the number of units 
in a batch. 

Battery charger means a device that 
charges batteries for consumer prod-
ucts, including battery chargers em-
bedded in other consumer products. 

Blowout toilet means a water closet 
that uses a non-siphonic bowl with an 
integral flushing rim, a trap at the rear 
of the bowl, and a visible or concealed 
jet that operates with a blowout ac-
tion. 

BPAR incandescent reflector lamp 
means a reflector lamp as shown in fig-
ure C78.21–278 on page 32 of ANSI 
C78.21–2003 (incorporated by reference; 
see § 430.3). 
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BR30 means a BR incandescent re-
flector lamp with a diameter of 30/8ths 
of an inch. 

BR40 means a BR incandescent re-
flector lamp with a diameter of 40/8ths 
of an inch. 

BR incandescent reflector lamp means 
a reflector lamp that has— 

(1) A bulged section below the major 
diameter of the bulb and above the ap-
proximate baseline of the bulb, as 
shown in figure 1 (RB) on page 7 of 
ANSI C79.1–1994, (incorporated by ref-
erence, see § 430.3); and 

(2) A finished size and shape shown in 
ANSI C78.21–1989 (incorporated by ref-
erence; see § 430.3), including the ref-
erenced reflective characteristics in 
part 7 of ANSI C78.21–1989. 

BR incandescent reflector lamp means 
a reflector lamp that has a bulged sec-
tion below the bulb’s major diameter 
and above its approximate base line as 
shown in Figure 1 (RB) on page 7 of 
ANSI C79.1–1994. A BR30 lamp has a 
lamp wattage of 85 or less than 66 and 
a BR40 lamp has a lamp wattage of 120 
or less. 

Btu means British thermal unit, 
which is the quantity of heat required 
to raise the temperature of one pound 
of water one degree Fahrenheit. 

Built-in refrigerator/refrigerator-freezer/ 
freezer means any refrigerator, refrig-
erator-freezer or freezer with 7.75 cubic 
feet or greater total volume and 24 
inches or less depth not including 
doors, handles, and custom front pan-
els; with sides which are not finished 
and not designed to be visible after in-
stallation; and that is designed, in-
tended, and marketed exclusively (1) 
To be installed totally encased by cabi-
netry or panels that are attached dur-
ing installation, (2) to be securely fas-
tened to adjacent cabinetry, walls or 
floor, and (3) to either be equipped with 
an integral factory-finished face or ac-
cept a custom front panel. 

Candelabra base incandescent lamp 
means a lamp that uses a candelabra 
screw base as described in ANSI C81.61, 
Specifications for Electric Bases, com-
mon designations E11 and E12 (incor-
porated by reference; see § 430.3). 

Casement-only means a room air con-
ditioner designed for mounting in a 
casement window with an encased as-

sembly with a width of 14.8 inches or 
less and a height of 11.2 inches or less. 

Casement-slider means a room air con-
ditioner with an encased assembly de-
signed for mounting in a sliding or 
casement window with a width of 15.5 
inches or less. 

Ceiling electric heater means an elec-
tric heater which is intended to be re-
cessed in, surface mounted on, or hung 
from a ceiling, and which transfers 
heat by radiation and/or convection (ei-
ther natural or forced). 

Ceiling fan means a nonportable de-
vice that is suspended from a ceiling 
for circulating air via the rotation of 
fan blades. 

Ceiling fan light kit means equipment 
designed to provide light from a ceiling 
fan that can be— 

(1) Integral, such that the equipment 
is attached to the ceiling fan prior to 
the time of retail sale; or 

(2) Attachable, such that at the time 
of retail sale the equipment is not 
physically attached to the ceiling fan, 
but may be included inside the ceiling 
fan at the time of sale or sold sepa-
rately for subsequent attachment to 
the fan. 

Central air conditioner means a prod-
uct, other than a packaged terminal 
air conditioner, which is powered by 
single phase electric current, air 
cooled, rated below 65,000 Btu per hour, 
not contained within the same cabinet 
as a furnace, the rated capacity of 
which is above 225,000 Btu per hour, and 
is a heat pump or a cooling unit only. 

Central system humidifier means a 
class of humidifier designed to add 
moisture into the air stream of a heat-
ing system. 

Class A external power supply— 
(1) Means a device that— 
(i) Is designed to convert line voltage 

AC input into lower voltage AC or DC 
output; 

(ii) Is able to convert to only one AC 
or DC output voltage at a time; 

(iii) Is sold with, or intended to be 
used with, a separate end-use product 
that constitutes the primary load; 

(iv) Is contained in a separate phys-
ical enclosure from the end-use prod-
uct; 

(v) Is connected to the end-use prod-
uct via a removable or hard-wired 
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male/female electrical connection, 
cable, cord, or other wiring; and 

(vi) Has nameplate output power that 
is less than or equal to 250 watts; 

(2) But, does not include any device 
that— 

(i) Requires Federal Food and Drug 
Administration listing and approval as 
a medical device in accordance with 
section 513 of the Federal Food, Drug, 
and Cosmetic Act (21 U.S.C. 360(c)); or 

(ii) Powers the charger of a detach-
able battery pack or charges the bat-
tery of a product that is fully or pri-
marily motor operated. 

Clothes washer means a consumer 
product designed to clean clothes, uti-
lizing a water solution of soap and/or 
detergent and mechanical agitation or 
other movement, and must be one of 
the following classes: automatic 
clothes washers, semi-automatic 
clothes washers, and other clothes 
washers. 

Coil family means a group of coils 
with the same basic design features 
that affect the heat exchanger perform-
ance. These features are the basic con-
figuration, i.e., A-shape, V-shape, 
slanted or flat top, the heat transfer 
surfaces on refrigerant and air sides 
(flat tubes vs. grooved tubes, fin 
shapes), the tube and fin materials, and 
the coil circuitry. When a group of 
coils has all these features in common, 
it constitutes a ‘‘coil family.’’ 

Cold temperature fluorescent lamp 
means a fluorescent lamp specifically 
designed to start at ¥20 °F when used 
with a ballast conforming to the re-
quirements of ANSI C78.81 (incor-
porated by reference; see § 430.3) and 
ANSI C78.901 (incorporated by ref-
erence; see § 430.3), and is expressly des-
ignated as a cold temperature lamp 
both in markings on the lamp and in 
marketing materials, including cata-
logs, sales literature, and promotional 
material. 

Colored fluorescent lamp means a fluo-
rescent lamp designated and marketed 
as a colored lamp and not designed or 
marketed for general illumination ap-
plications with either of the following 
characteristics: 

(1) A CRI less than 40, as determined 
according to the method set forth in 
CIE Publication 13.3 (incorporated by 
reference; see § 430.3); or 

(2) A correlated color temperature 
less than 2,500K or greater than 7,000K 
as determined according to the method 
set forth in IES LM–9 (incorporated by 
reference; see § 430.3). 

Colored incandescent lamp means an 
incandescent lamp designated and mar-
keted as a colored lamp that has— 

(1) A color rendering index of less 
than 50, as determined according to the 
test method given in CIE 13.3 (incor-
porated by reference; see § 430.3); or 

(2) A correlated color temperature of 
less than 2,500K, or greater than 4,600K, 
where correlated temperature is com-
puted according to the ‘‘Computation 
of Correlated Color Temperature and 
Distribution Temperature,’’ Journal of 
the Optical Society of America, (incor-
porated by reference; see § 430.3). 

Color Rendering Index or CRI means 
the measured degree of color shift ob-
jects undergo when illuminated by a 
light source as compared with the color 
of those same objects when illuminated 
by a reference source of comparable 
color temperature. 

Compact refrigerator/refrigerator-freez-
er/freezer means any refrigerator, re-
frigerator-freezer or freezer with a 
total refrigerated volume of less than 
7.75 cubic feet (220 liters). (Total refrig-
erated volume shall be determined 
using the applicable test procedure ap-
pendix prescribed in subpart B of this 
part.) 

Component video means a video dis-
play interface as defined in the Con-
sumer Electronics Association’s (CEA) 
standard, CEA–770.3–D (incorporated by 
reference; see § 430.3). 

Composite video means a video display 
interface that uses Radio Corporation 
of America (RCA) connections carrying 
a signal defined by the Society of Mo-
tion Picture and Television Engineers’ 
(SMPTE) standard, SMPTE 170M–2004 
(incorporated by reference; see § 430.3) 
for regions that support a power fre-
quency of 59.94 Hz or International 
Telecommunication Union’s (ITU) 
standard, ITU–R BT 470–6 (incorporated 
by reference; see § 430.3) for regions 
that support a power frequency of 50 
Hz. 

Condenser-evaporator coil combination 
means a condensing unit made by one 
manufacturer and one of several evapo-
rator coils, either manufactured by the 
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same manufacturer or another manu-
facturer, intended to be combined with 
that particular condensing unit. 

Condensing unit means a component 
of a central air conditioner which is de-
signed to remove the heat absorbed by 
the refrigerant and to transfer it to the 
outside environment, and which con-
sists of an outdoor coil, compressor(s), 
and air moving device. 

Consumer product means any article 
(other than an automobile, as defined 
in Section 501(1) of the Motor Vehicle 
Information and Cost Savings Act): 

(1) Of a type— 
(i) Which in operation consumes, or 

is designed to consume, energy or, with 
respect to showerheads, faucets, water 
closets, and urinals, water; and 

(ii) Which, to any significant extent, 
is distributed in commerce for personal 
use or consumption by individuals; 

(2) Without regard to whether such 
article of such type is in fact distrib-
uted in commerce for personal use or 
consumption by an individual, except 
that such term includes fluorescent 
lamp ballasts, general service fluores-
cent lamps, incandescent reflector 
lamps, showerheads, faucets, water 
closets, and urinals distributed in com-
merce for personal or commercial use 
or consumption. 

Convection microwave oven means a 
microwave oven that incorporates con-
vection features and any other means 
of cooking in a single compartment. 

Conventional cooking top means a 
class of kitchen ranges and ovens 
which is a household cooking appliance 
consisting of a horizontal surface con-
taining one or more surface units 
which include either a gas flame or 
electric resistance heating. 

Conventional oven means a class of 
kitchen ranges and ovens which is a 
household cooking appliance consisting 
of one or more compartments intended 
for the cooking or heating of food by 
means of either a gas flame or electric 
resistance heating. It does not include 
portable or countertop ovens which use 
electric resistance heating for the 
cooking or heating of food and are de-
signed for an electrical supply of ap-
proximately 120 volts. 

Conventional range means a class of 
kitchen ranges and ovens which is a 
household cooking appliance consisting 

of a conventional cooking top and one 
or more conventional ovens. 

Convertible cooking appliance means 
any kitchen range and oven which is a 
household cooking appliance designed 
by the manufacturer to be changed in 
service from use with natural gas to 
use with LP-gas, and vice versa, by in-
corporating in the appliance convert-
ible orifices for the main gas burners 
and a convertible gas pressure regu-
lator. 

Cooking products means consumer 
products that are used as the major 
household cooking appliances. They 
are designed to cook or heat different 
types of food by one or more of the fol-
lowing sources of heat: gas, electricity, 
or microwave energy. Each product 
may consist of a horizontal cooking 
top containing one or more surface 
units and/or one or more heating com-
partments. They must be one of the 
following classes: conventional ranges, 
conventional cooking tops, conven-
tional ovens, microwave ovens, micro-
wave/conventional ranges and other 
cooking products. 

Correlated color temperature means the 
absolute temperature of a blackbody 
whose chromaticity most nearly re-
sembles that of the light source. 

Covered product means a consumer 
product: 

(1) Of a type specified in section 322 
of the Act, or 

(2) That is a ceiling fan, ceiling fan 
light kit, medium base compact fluo-
rescent lamp, dehumidifier, battery 
charger, external power supply, or 
torchiere. 

Dehumidifier means a self-contained, 
electrically operated, and mechani-
cally refrigerated encased assembly 
consisting of— 

(1) A refrigerated surface (evapo-
rator) that condenses moisture from 
the atmosphere; 

(2) A refrigerating system, including 
an electric motor; 

(3) An air-circulating fan; and 
(4) Means for collecting or disposing 

of the condensate. 
Design voltage with respect to an in-

candescent lamp means: 
(1) The voltage marked as the in-

tended operating voltage; 
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(2) The mid-point of the voltage 
range if the lamp is marked with a 
voltage range; or 

(3) 120 V if the lamp is not marked 
with a voltage or voltage range. 

Detachable battery means a battery 
that is— 

(1) Contained in a separate enclosure 
from the product; and 

(2) Intended to be removed or discon-
nected from the product for recharging. 

Direct heating equipment means vent-
ed home heating equipment and 
unvented home heating equipment. 

Direct operation external power supply 
means an external power supply that 
can operate a consumer product that is 
not a battery charger without the as-
sistance of a battery. 

Direct vent system means a system 
supplied by a manufacturer which pro-
vides outdoor air or air from an 
unheated space (such as an attic or 
crawl space) directly to a furnace or 
vented heater for combustion and for 
draft relief if the unit is equipped with 
a draft control device. 

Dishwasher means a cabinet-like ap-
pliance which with the aid of water and 
detergent, washes, rinses, and dries 
(when a drying process is included) 
dishware, glassware, eating utensils, 
and most cooking utensils by chemical, 
mechanical and/or electrical means and 
discharges to the plumbing drainage 
system. 

DOE means the Department of En-
ergy. 

Dual-flush water closet means a water 
closet incorporating a feature that al-
lows the user to flush the water closet 
with either a reduced or a full volume 
of water. 

Electric boiler means an electrically 
powered furnace designed to supply low 
pressure steam or hot water for space 
heating application. A low pressure 
steam boiler operates at or below 15 
pounds per square inch gauge (psig) 
steam pressure; a hot water boiler op-
erates at or below 160 psig water pres-
sure and 250 °F. water temperature. 

Electric central furnace means a fur-
nace designed to supply heat through a 
system of ducts with air as the heating 
medium, in which heat is generated by 
one or more electric resistance heating 
elements and the heated air is cir-
culated by means of a fan or blower. 

Electric clothes dryer means a cabinet- 
like appliance designed to dry fabrics 
in a tumble-type drum with forced air 
circulation. The heat source is elec-
tricity and the drum and blower(s) are 
driven by an electric motor(s). 

Electric heater means an electric ap-
pliance in which heat is generated from 
electrical energy and dissipated by 
convection and radiation and includes 
baseboard electric heaters, ceiling elec-
tric heaters, floor electric heaters, 
portable electric heaters, and wall elec-
tric heaters. 

Electric refrigerator means a cabinet 
designed for the refrigerated storage of 
food, designed to be capable of achiev-
ing storage temperatures above 32 °F (0 
°C) and below 39 °F (3.9 °C), and having 
a source of refrigeration requiring sin-
gle phase, alternating current electric 
energy input only. An electric refrig-
erator may include a compartment for 
the freezing and storage of food at tem-
peratures below 32 °F (0 °C), but does 
not provide a separate low temperature 
compartment designed for the freezing 
and storage of food at temperatures 
below 8 °F (¥13.3 °C). 

Electric refrigerator-freezer means a 
cabinet which consists of two or more 
compartments with at least one of the 
compartments designed for the refrig-
erated storage of food and designed to 
be capable of achieving storage tem-
peratures above 32 °F (0 °C) and below 
39 °F (3.9 °C), and with at least one of 
the compartments designed for the 
freezing and storage of food at tem-
peratures below 8 °F (¥13.3 °C) which 
may be adjusted by the user to a tem-
perature of 0 °F (¥17.8 °C) or below. 
The source of refrigeration requires 
single phase, alternating current elec-
tric energy input only. 

Electromechanical hydraulic toilet 
means any water closet that utilizes 
electrically operated devices, such as, 
but not limited to, air compressors, 
pumps, solenoids, motors, or macera-
tors in place of or to aid gravity in 
evacuating waste from the toilet bowl. 

Electronic ballast means a device that 
uses semiconductors as the primary 
means to control lamp starting and op-
eration. 

Energy conservation standard means 
any standards meeting the definitions 
of that term in 42 U.S.C. 6291(6) and 42 
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U.S.C. 6311(18) as well as any other 
water conservation standards and de-
sign requirements found in this part or 
parts 430 or 431. 

Energy use of a type of consumer prod-
uct which is used by households means 
the energy consumed by such product 
within housing units occupied by 
households (such as energy for space 
heating and cooling, water heating, the 
operation of appliances, or other ac-
tivities of the households), and in-
cludes energy consumed on any prop-
erty that is contiguous with a housing 
unit and that is used primarily by the 
household occupying the housing unit 
(such as energy for exterior lights or 
heating a pool). 

ER incandescent reflector lamp means 
a reflector lamp that has— 

(1) An elliptical section below the 
major diameter of the bulb and above 
the approximate baseline of the bulb, 
as shown in figure 1 (RE) on page 7 of 
ANSI C79.1–1994, (incorporated by ref-
erence; see § 430.3); and 

(2) A finished size and shape shown in 
ANSI C78.21–1989, (incorporated by ref-
erence; see § 430.3). 

ER30 means an ER incandescent re-
flector lamp with a diameter of 30/8ths 
of an inch. 

ER40 means an ER incandescent re-
flector lamp with a diameter of 40/8ths 
of an inch. 

Estimated annual operating cost means 
the aggregate retail cost of the energy 
which is likely to be consumed annu-
ally, and in the case of showerheads, 
faucets, water closets, and urinals, the 
aggregate retail cost of water and 
wastewater treatment services likely 
to be incurred annually, in representa-
tive use of a consumer product, deter-
mined in accordance with Section 323 
of EPCA (42 U.S.C. 6293). 

Evaporator coil means a component of 
a central air conditioner which is de-
signed to absorb heat from an enclosed 
space and transfer the heat to a refrig-
erant. 

External power supply means an exter-
nal power supply circuit that is used to 
convert household electric current into 
DC current or lower-voltage AC cur-
rent to operate a consumer product. 

External power supply design family 
means a set of external power supply 
basic models, produced by the same 

manufacturer, which share the same 
circuit layout, output power, and out-
put cord resistance, but differ in out-
put voltage. 

Faucet means a lavatory faucet, 
kitchen faucet, metering faucet, or re-
placement aerator for a lavatory or 
kitchen faucet. 

Fitting means a device that controls 
and guides the flow of water. 

Floor electric heater means an electric 
heater which is intended to be recessed 
in a floor, and which transfers by radi-
ation and/or convection (either natural 
or forced). 

Fluorescent lamp means a low pres-
sure mercury electric-discharge source 
in which a fluorescing coating trans-
forms some of the ultraviolet energy 
generated by the mercury discharge 
into light, including only the fol-
lowing: 

(1) Any straight-shaped lamp (com-
monly referred to as 4-foot medium 
bipin lamps) with medium bipin bases 
of nominal overall length of 48 inches 
and rated wattage of 25 or more; 

(2) Any U-shaped lamp (commonly re-
ferred to as 2-foot U-shaped lamps) 
with medium bipin bases of nominal 
overall length between 22 and 25 inches 
and rated wattage of 25 or more; 

(3) Any rapid start lamp (commonly 
referred to as 8-foot high output lamps) 
with recessed double contact bases of 
nominal overall length of 96 inches; 

(4) Any instant start lamp (com-
monly referred to as 8-foot slimline 
lamps) with single pin bases of nominal 
overall length of 96 inches and rated 
wattage of 52 or more; 

(5) Any straight-shaped lamp (com-
monly referred to as 4-foot miniature 
bipin standard output lamps) with min-
iature bipin bases of nominal overall 
length between 45 and 48 inches and 
rated wattage of 26 or more; and 

(6) Any straight-shaped lamp (com-
monly referred to 4-foot miniature 
bipin high output lamps) with minia-
ture bipin bases of nominal overall 
length between 45 and 48 inches and 
rated wattage of 49 or more. 

Fluorescent lamp ballast means a de-
vice which is used to start and operate 
fluorescent lamps by providing a start-
ing voltage and current and limiting 
the current during normal operation. 
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Flushometer tank means a device 
whose function is defined in 
flushometer valve, but integrated with-
in an accumulator vessel affixed and 
adjacent to the fixture inlet so as to 
cause an effective enlargement of the 
supply line immediately before the 
unit. 

Flushometer valve means a valve at-
tached to a pressurized water supply 
pipe and so designed that when actu-
ated, it opens the line for direct flow 
into the fixture at a rate and quantity 
to properly operate the fixture, and 
then gradually closes to provide trap 
reseal in the fixture in order to avoid 
water hammer. The pipe to which this 
device is connected is in itself of suffi-
cient size, that when open, will allow 
the device to deliver water at a suffi-
cient rate of flow for flushing purposes. 

Forced air central furnace means a gas 
or oil burning furnace designed to sup-
ply heat through a system of ducts 
with air as the heating medium. The 
heat generated by combustion of gas or 
oil is transferred to the air within a 
casing by conduction through heat ex-
change surfaces and is circulated 
through the duct system by means of a 
fan or blower. 

Freezer means a cabinet designed as a 
unit for the freezing and storage of 
food at temperatures of 0 °F. or below, 
and having a source of refrigeration re-
quiring single phase, alternating cur-
rent electric energy input only. 

Furnace means a product which uti-
lizes only single-phase electric current, 
or single-phase electric current or DC 
current in conjunction with natural 
gas, propane, or home heating oil, and 
which— 

(1) Is designed to be the principal 
heating source for the living space of a 
residence; 

(2) Is not contained within the same 
cabinet with a central air conditioner 
whose rated cooling capacity is above 
65,000 Btu per hour; 

(3) Is an electric central furnace, 
electric boiler, forced-air central fur-
nace, gravity central furnace, or low 
pressure steam or hot water boiler; and 

(4) Has a heat input rate of less than 
300,000 Btu per hour for electric boilers 
and low pressure steam or hot water 
boilers and less than 225,000 Btu per 
hour for forced-air central furnaces, 

gravity central furnaces, and electric 
central furnaces, gravity central fur-
naces, and electric central furnaces. 

Furnace fan means an electrically- 
powered device used in a consumer 
product for the purpose of circulating 
air through ductwork. 

Gas means either natural gas or pro-
pane. 

Gas clothes dryer means a cabinet-like 
appliance designed to dry fabrics in a 
tumble-type drum with forced air cir-
culation. The heat source is gas and 
the drum and blower(s) are driven by 
an electric motor(s). 

General lighting application means 
lighting that provides an interior or 
exterior area with overall illumina-
tion. 

General service fluorescent lamp means 
any fluorescent lamp which can be used 
to satisfy the majority of fluorescent 
lighting applications, but does not in-
clude any lamp designed and marketed 
for the following nongeneral applica-
tion: 

(1) Fluorescent lamps designed to 
promote plant growth; 

(2) Fluorescent lamps specifically de-
signed for cold temperature applica-
tions; 

(3) Colored fluorescent lamps; 
(4) Impact-resistant fluorescent 

lamps; 
(5) Reflectorized or aperture lamps; 
(6) Fluorescent lamps designed for 

use in reprographic equipment; 
(7) Lamps primarily designed to 

produce radiation in the ultra-violet 
region of the spectrum; and 

(8) Lamps with a Color Rendering 
Index of 87 or greater. 

General service incandescent lamp 
means a standard incandescent or halo-
gen type lamp that is intended for gen-
eral service applications; has a medium 
screw base; has a lumen range of not 
less than 310 lumens and not more than 
2,600 lumens or, in the case of a modi-
fied spectrum lamp, not less than 232 
lumens and not more than 1,950 
lumens; and is capable of being oper-
ated at a voltage range at least par-
tially within 110 and 130 volts; however 
this definition does not apply to the 
following incandescent lamps— 

(1) An appliance lamp; 
(2) A black light lamp; 
(3) A bug lamp; 
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(4) A colored lamp; 
(5) An infrared lamp; 
(6) A left-hand thread lamp; 
(7) A marine lamp; 
(8) A marine signal service lamp; 
(9) A mine service lamp; 
(10) A plant light lamp; 
(11) A reflector lamp; 
(12) A rough service lamp; 
(13) A shatter-resistant lamp (includ-

ing a shatter-proof lamp and a shatter- 
protected lamp); 

(14) A sign service lamp; 
(15) A silver bowl lamp; 
(16) A showcase lamp; 
(17) A 3-way incandescent lamp; 
(18) A traffic signal lamp; 
(19) A vibration service lamp; 
(20) A G shape lamp (as defined in 

ANSI C78.20) (incorporated by ref-
erence; see § 430.3) and ANSI C79.1–2002 
(incorporated by reference; see § 430.3) 
with a diameter of 5 inches or more; 

(21) A T shape lamp (as defined in 
ANSI C78.20) (incorporated by ref-
erence; see § 430.3) and ANSI C79.1–2002 
(incorporated by reference; see § 430.3) 
and that uses not more than 40 watts 
or has a length of more than 10 inches; 
and 

(22) A B, BA, CA, F, G16–1/2, G–25, 
G30, S, or M–14 lamp (as defined in 
ANSI C79.1–2002) (incorporated by ref-
erence; see § 430.3) and ANSI C78.20 (in-
corporated by reference; see § 430.3) of 40 
watts or less. 

General service lamp includes general 
service incandescent lamps, compact 
fluorescent lamps, general service 
light-emitting diode lamps, organic 
light-emitting diode lamps, and any 
other lamps that the Secretary deter-
mines are used to satisfy lighting ap-
plications traditionally served by gen-
eral service incandescent lamps; how-
ever, this definition does not apply to 
any lighting application or bulb shape 
excluded from the ‘‘general service in-
candescent lamp’’ definition, or any 
general service fluorescent lamp or in-
candescent reflector lamp. 

Gravity central furnace means a gas 
fueled furnace which depends primarily 
on natural convection for circulation 
of heated air and which is designed to 
be used in conjunction with a system of 
ducts. 

Hand-held showerhead means a 
showerhead that can be held or fixed in 

place for the purpose of spraying water 
onto a bather and that is connected to 
a flexible hose. 

Heat pump means a product, other 
than a packaged terminal heat pump, 
which consists of one or more assem-
blies, powered by single phase electric 
current, rated below 65,000 Btu per 
hour, utilizing an indoor conditioning 
coil, compressor, and refrigerant-to- 
outdoor air heat exchanger to provide 
air heating, and may also provide air 
cooling, dehumidifying, humidifying 
circulating, and air cleaning. 

High-definition multimedia interface or 
HDMI® means an audio and video inter-
face as defined by HDMI® Specification 
Informational Version 1.0 or greater 
(incorporated by reference; see § 430.3). 

Home heating equipment, not including 
furnaces means vented home heating 
equipment and unvented home heating 
equipment. 

Household means an entity consisting 
of either an individual, a family, or a 
group of unrelated individuals, who re-
side in a particular housing unit. For 
the purpose of this definition: 

(1) Group quarters means living quar-
ters that are occupied by an institu-
tional group of 10 or more unrelated 
persons, such as a nursing home, mili-
tary barracks, halfway house, college 
dormitory, fraternity or sorority 
house, convent, shelter, jail or correc-
tional institution. 

(2) Housing unit means a house, an 
apartment, a group of rooms, or a sin-
gle room occupied as separate living 
quarters, but does not include group 
quarters. 

(3) Separate living quarters means liv-
ing quarters: 

(i) To which the occupants have ac-
cess either: 

(A) Directly from outside of the 
building, or 

(B) Through a common hall that is 
accessible to other living quarters and 
that does not go through someone 
else’s living quarters, and 

(ii) Occupied by one or more persons 
who live and eat separately from occu-
pant(s) of other living quarters, if any, 
in the same building. 

Immersed heating element means an 
electrically powered heating device 
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which is designed to operate while to-
tally immersed in water in such a man-
ner that the heat generated by the de-
vice is imparted directly to the water. 

Import means to import into the cus-
toms territory of the United States. 

Incandescent lamp means a lamp in 
which light is produced by a filament 
heated to incandescence by an electric 
current, including only the following: 

(1) Any lamp (commonly referred to 
as lower wattage non-reflector general 
service lamps, including any tungsten 
halogen lamp) that has a rated wattage 
between 30 and 199, has an E26 medium 
screw base, has a rated voltage or volt-
age range that lies at least partially in 
the range of 115 and 130 volts, and is 
not a reflector lamp. 

(2) Any incandescent reflector lamp. 
(3) Any general service incandescent 

lamp (commonly referred to as a high- 
or higher-wattage lamp) that has a 
rated wattage above 199 (above 205 for a 
high wattage reflector lamp). 

Incandescent reflector lamp (commonly 
referred to as a reflector lamp) means 
any lamp in which light is produced by 
a filament heated to incandescence by 
an electric current, which: contains an 
inner reflective coating on the outer 
bulb to direct the light; is not colored; 
is not designed for rough or vibration 
service applications; is not an R20 
short lamp; has an R, PAR, ER, BR, 
BPAR, or similar bulb shapes with an 
E26 medium screw base; has a rated 
voltage or voltage range that lies at 
least partially in the range of 115 and 
130 volts; has a diameter that exceeds 
2.25 inches; and has a rated wattage 
that is 40 watts or higher. 

Indirect operation external power sup-
ply means an external power supply 
that cannot operate a consumer prod-
uct that is not a battery charger with-
out the assistance of a battery as de-
termined by the steps in paragraphs 
(1)(i) through (v) of this definition: 

(1) If the external power supply (EPS) 
can be connected to an end-use con-
sumer product and that consumer prod-
uct can be operated using battery 
power, the method for determining 
whether that EPS is incapable of oper-
ating that consumer product directly is 
as follows: 

(i) If the end-use product has a re-
movable battery, remove it for the re-

mainder of the test and proceed to the 
step in paragraph (1)(v) of this defini-
tion. If not, proceed to the step in para-
graph (1)(ii). 

(ii) Charge the battery in the applica-
tion via the EPS such that the applica-
tion can operate as intended before 
taking any additional steps. 

(iii) Disconnect the EPS from the ap-
plication. From an off mode state, turn 
on the application and record the time 
necessary for it to become operational 
to the nearest five second increment (5 
sec, 10 sec, etc.). 

(iv) Operate the application using 
power only from the battery until the 
application stops functioning due to 
the battery discharging. 

(v) Connect the EPS first to mains 
and then to the application. Imme-
diately attempt to operate the applica-
tion. If the battery was removed for 
testing and the end-use product oper-
ates as intended, the EPS is not an in-
direct operation EPS and paragraph 2 
of this definition does not apply. If the 
battery could not be removed for test-
ing, record the time for the application 
to become operational to the nearest 
five second increment (5 seconds, 10 
seconds, etc.). 

(2) If the time recorded in paragraph 
(1)(v) of this definition is greater than 
the summation of the time recorded in 
paragraph (1)(iii) of this definition and 
five seconds, the EPS cannot operate 
the application directly and is an indi-
rect operation EPS. 

Indoor unit means a component of a 
split-system central air conditioner or 
heat pump that is designed to transfer 
heat between the refrigerant and the 
indoor air, and which consists of an in-
door coil, a cooling mode expansion de-
vice, and may include an air moving 
device. 

Intermediate base incandescent lamp 
means a lamp that uses an inter-
mediate screw base as described in 
ANSI C81.61, Specifications for Electric 
Bases, common designation E17 (incor-
porated by reference; see § 430.3). 

Kerosene means No. 1 fuel oil with a 
viscosity meeting the specifications as 
specified in UL–730–1974, section 36.9 
and in tables 2 and 3 of ANSI Standard 
Z91.1–1972. 

Lamp Efficacy (LE) means the meas-
ured lumen output of a lamp in lumens 
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divided by the measured lamp elec-
trical power input in watts expressed 
in units of lumens per watt (LPW). 

Light-emitting diode or LED means a 
p-n junction solid state device of which 
the radiated output, either in the infra-
red region, the visible region, or the ul-
traviolet region, is a function of the 
physical construction, material used, 
and exciting current of the device. 

Low consumption has the meaning 
given such a term in ASME A112.19.2– 
2008. (see § 430.3) 

Low pressure steam or hot water boiler 
means an electric, gas or oil burning 
furnace designed to supply low pressure 
steam or hot water for space heating 
application. A low pressure steam boil-
er operates at or below 15 pounds psig 
steam pressure; a hot water boiler op-
erates at or below 160 psig water pres-
sure and 250 °F. water temperature. 

Low-voltage external power supply 
means an external power supply with a 
nameplate output voltage less than 6 
volts and nameplate output current 
greater than or equal to 550 milliamps. 

LP-gas means liquified petroleum 
gas, and includes propane, butane, and 
propane/butane mixtures. 

Major cooking component means either 
a conventional cooking top, a conven-
tional oven or a microwave oven. 

Manufacture means to manufacture, 
produce, assemble, or import. 

Manufacturer means any person who 
manufactures a consumer product. 

Medium base compact fluorescent lamp 
means an integrally ballasted fluores-
cent lamp with a medium screw base, a 
rated input voltage range of 115 to 130 
volts and which is designed as a direct 
replacement for a general service in-
candescent lamp; however, the term 
does not include— 

(1) Any lamp that is— 
(i) Specifically designed to be used 

for special purpose applications; and 
(ii) Unlikely to be used in general 

purpose applications, such as the appli-
cations described in the definition of 
‘‘General Service Incandescent Lamp’’ 
in this section; or 

(2) Any lamp not described in the def-
inition of ‘‘General Service Incandes-
cent Lamp’’ in this section that is ex-
cluded by the Secretary, by rule, be-
cause the lamp is— 

(i) Designed for special applications; 
and 

(ii) Unlikely to be used in general 
purpose applications. 

Medium screw base means an Edison 
screw base identified with the prefix E– 
26 in the ‘‘American National Standard 
for Electric Lamp Bases’’, ANSIlIEC 
C81.61–2003, published by the American 
National Standards Institute. 

Microwave/conventional cooking top 
means a class of kitchen ranges and 
ovens that is a household cooking ap-
pliance consisting of a microwave oven 
and a conventional cooking top. 

Microwave/conventional oven means a 
class of kitchen ranges and ovens that 
is a household cooking appliance con-
sisting of a microwave oven and a con-
ventional oven in separate compart-
ments. 

Microwave/conventional range means a 
class of kitchen ranges and ovens that 
is a household cooking appliance con-
sisting of a microwave oven and a con-
ventional oven in separate compart-
ments and a conventional cooking top. 

Microwave oven means a class of 
kitchen ranges and ovens comprised of 
household cooking appliances con-
sisting of a compartment designed to 
cook or heat food by means of micro-
wave energy, including microwave 
ovens with or without thermal ele-
ments designed for surface browning of 
food and convection microwave ovens. 

Mobile home furnace means a direct 
vent furnace that is designed for use 
only in mobile homes. 

Modified spectrum means, with respect 
to an incandescent lamp, an incandes-
cent lamp that— 

(1) Is not a colored incandescent 
lamp; and 

(2) When operated at the rated volt-
age and wattage of the incandescent 
lamp— 

(A) Has a color point with (x,y) chro-
maticity coordinates on the C.I.E. 1931 
chromaticity diagram, figure 2, page 3 
of IESNA LM–16 (incorporated by ref-
erence; see § 430.3) that lies below the 
black-body locus; and 

(B) Has a color point with (x,y) chro-
maticity coordinates on the C.I.E. 1931 
chromaticity diagram, figure 2, page 3 
of IESNA LM–16 (incorporated by ref-
erence; see § 430.3) that lies at least 4 
MacAdam steps, as referenced in 
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IESNA LM–16, distant from the color 
point of a clear lamp with the same 
filament and bulb shape, operated at 
the same rated voltage and wattage. 

Natural gas means natural gas as de-
fined by the Federal Power Commis-
sion. 

Off mode means the condition in 
which an energy using product— 

(1) Is connected to a main power 
source; and 

(2) Is not providing any stand-by or 
active mode function. 

Oil means heating oil grade No. 2 as 
defined in American Society for Test-
ing and Materials (ASTM) D396–71. 

Organic light-emitting diode or OLED 
means a thin-film light-emitting de-
vice that typically consists of a series 
of organic layers between 2 electrical 
contacts (electrodes). 

Other clothes washer means a class of 
clothes washer which is not an auto-
matic or semi-automatic clothes wash-
er. 

Other cooking products means any 
class of cooking products other than 
the conventional range, conventional 
cooking top, conventional oven, micro-
wave oven, and microwave/conven-
tional range classes. 

Outdoor furnace or boiler is a furnace 
or boiler normally intended for instal-
lation out-of-doors or in an unheated 
space (such as an attic or a crawl 
space). 

Outdoor unit means a component of a 
split-system central air conditioner or 
heat pump that is designed to transfer 
heat between the refrigerant and the 
outdoor air, and which consists of an 
outdoor coil, compressor(s), an air 
moving device, and in addition for heat 
pumps, a heating mode expansion de-
vice, reversing valve, and defrost con-
trols. 

Packaged terminal air conditioner 
means a wall sleeve and a separate 
unencased combination of heating and 
cooling assemblies specified by the 
builder and intended for mounting 
through the wall. It includes a prime 
source of refrigeration, separable out-
door louvers, forced ventilation, and 
heating availability energy. 

Packaged terminal heat pump means a 
packaged terminal air conditioner that 
utilizes reverse cycle refrigeration as 
its prime heat source and should have 

supplementary heating availability by 
builder’s choice of energy. 

Person includes any individual, cor-
poration, company, association, firm, 
partnership, society, trust, joint ven-
ture or joint stock company, the gov-
ernment, and any agency of the United 
States or any State or political sub-
division thereof. 

Pin-based means (1) the base of a fluo-
rescent lamp, that is not integrally 
ballasted and that has a plug-in lamp 
base, including multi-tube, multibend, 
spiral, and circline types, or (2) a sock-
et that holds such a lamp. 

Pool heater means an appliance de-
signed for heating nonpotable water 
contained at atmospheric pressure, in-
cluding heating water in swimming 
pools, spas, hot tubs and similar appli-
cations. 

Portable electric heater means an elec-
tric heater which is intended to stand 
unsupported, and can be moved from 
place to place within a structure. It is 
connected to electric supply by means 
of a cord and plug, and transfers heat 
by radiation and/or convention (either 
natural or forced). 

Primary heater means a heating de-
vice that is the principal source of heat 
for a structure and includes baseboard 
electric heaters, ceiling electric heat-
ers, and wall electric heaters. 

Private labeler means an owner of a 
brand or trademark on the label of a 
consumer product which bears a pri-
vate label. A consumer product bears a 
private label if: 

(1) Such product (or its container) is 
labeled with the brand or trademark of 
a person other than a manufacturer of 
such product; 

(2) The person with whose brand or 
trademark such product (or container) 
is labeled has authorized or caused 
such product to be so labeled; and 

(3) The brand or trademark of a man-
ufacturer of such product does not ap-
pear on such label. 

Propane means a hydrocarbon whose 
chemical composition is predominantly 
C3H8, whether recovered from natural 
gas or crude oil. 

R20 incandescent reflector lamp means 
a reflector lamp that has a face diame-
ter of approximately 2.5 inches, as 
shown in figure 1(R) on page 7 of ANSI 
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C79.1–1994 (incorporated by reference; 
see § 430.3). 

R20 short lamp means a lamp that is 
an R20 incandescent reflector lamp 
that has a rated wattage of 100 watts; 
has a maximum overall length of 3 and 
5/8, or 3.625, inches; and is designed, la-
beled, and marketed specifically for 
pool and spa applications. 

Rated lifetime for general service incan-
descent lamps means the length of oper-
ating time of a sample of lamps (as de-
fined in § 429.27(a)(2)(iv) of this chapter) 
between first use and failure of 50 per-
cent of the sample size in accordance 
with test procedures described in 
IESNA LM–49 (incorporated by ref-
erence; see § 430.3), as determined in 
section 4.2 of Appendix R of this sub-
part. The operating time is based on 
the middle lamp operating time for an 
odd number of samples and the average 
operating time of the two middle lamps 
for an even number of samples. 

Rated voltage with respect to incan-
descent lamps means: 

(1) The design voltage if the design 
voltage is 115 V, 130 V or between 115V 
and 130 V: 

(2) 115 V if the design voltage is less 
than 115 V and greater than or equal to 
100 V and the lamp can operate at 115 
V; and 

(3) 130 V if the design voltage is 
greater than 130 V and less than or 
equal to 150 V and the lamp can oper-
ate at 130 V. 

Rated wattage means: 
(1) With respect to fluorescent lamps 

and general service fluorescent lamps: 
(i) If the lamp is listed in ANSI C78.81 

(incorporated by reference; see § 430.3) 
or ANSI C78.901 (incorporated by ref-
erence; see § 430.3), the rated wattage of 
a lamp determined by the lamp des-
ignation of Clause 11.1 of ANSI C78.81 
or ANSI C78.901; 

(ii) If the lamp is a residential 
straight-shaped lamp, and not listed in 
ANSI C78.81 (incorporated by reference; 
see § 430.3), the wattage of a lamp when 
operated on a reference ballast for 
which the lamp is designed; or 

(iii) If the lamp is neither listed in 
one of the ANSI standards referenced 
in (1)(i) of this definition, nor a resi-
dential straight-shaped lamp, the elec-
trical power of a lamp when measured 
according to the test procedures out-

lined in appendix R to subpart B of this 
part. 

(2) With respect to general service in-
candescent lamps and incandescent re-
flector lamps, the electrical power 
measured according to the test proce-
dures outlined in appendix R to subpart 
B of this part. 

Refrigerator means an electric refrig-
erator. 

Refrigerator-freezer means an electric 
refrigerator-freezer. 

Replacement ballast means a ballast 
that— 

(1) Is designed for use to replace an 
existing fluorescent lamp ballast in a 
previously installed luminaire; 

(2) Is marked ‘‘FOR REPLACEMENT 
USE ONLY’’; 

(3) Is shipped by the manufacturer in 
packages containing not more than 10 
fluorescent lamp ballasts; and 

(4) Has output leads that when fully 
extended are a total length that is less 
than the length of the lamp with which 
the ballast is intended to be operated. 

Residential straight-shaped lamp means 
a low pressure mercury electric-dis-
charge source in which a fluorescing 
coating transforms some of the ultra-
violet energy generated by the mercury 
discharge into light, including a 
straight-shaped fluorescent lamp with 
medium bi-pin bases of nominal overall 
length of 48 inches and is either de-
signed exclusively for residential appli-
cations; or designed primarily and mar-
keted exclusively for residential appli-
cations. 

(1) A lamp is designed exclusively for 
residential applications if it will not 
function for more than 100 hours with a 
commercial high-power-factor ballast. 

(2) A lamp is designed primarily and 
marketed exclusively for residential 
applications if it: 

(i) Is permanently and clearly 
marked as being for residential use 
only; 

(ii) Has a life of 6,000 hours or less 
when used with a commercial high- 
power-factor ballast; 

(iii) Is not labeled or represented as a 
replacement for a fluorescent lamp 
that is a covered product; and 

(iv) Is marketed and distributed in a 
manner designed to minimize use of 
the lamp with commercial high-power- 
factor ballasts. 
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(3) A manufacturer may market and 
distribute a lamp in a manner designed 
to minimize use of the lamp with com-
mercial high-power-factor ballasts by: 

(i) Packaging and labeling the lamp 
in a manner that clearly indicates the 
lamp is for residential use only and in-
cludes appropriate instructions con-
cerning proper and improper use; if the 
lamp is included in a catalog or price 
list that also includes commercial/in-
dustrial lamps, listing the lamp in a 
separate residential section accom-
panied by notes about proper use on 
the same page; and providing as part of 
any express warranty accompanying 
the lamp that improper use voids such 
warranty; or 

(ii) Using other comparably effective 
measures to minimize use with com-
mercial high-power-factor ballasts. 

Room air conditioner means a con-
sumer product, other than a ‘‘packaged 
terminal air conditioner,’’ which is 
powered by a single phase electric cur-
rent and which is an encased assembly 
designed as a unit for mounting in a 
window or through the wall for the pur-
pose of providing delivery of condi-
tioned air to an enclosed space. It in-
cludes a prime source of refrigeration 
and may include a means for ven-
tilating and heating. 

Rough or vibration service incandescent 
reflector lamp means a reflector lamp: 
in which a C–11 (5 support), C–17 (8 sup-
port), or C–22 (16 support) filament is 
mounted (the number of support ex-
cludes lead wires); in which the fila-
ment configuration is as shown in 
Chapter 6 of the 1993 Illuminating Engi-
neering Society of North America Lighting 
Handbook, 8th Edition (see 10 CFR 
430.22); and that is designated and mar-
keted specifically for rough or vibra-
tion service applications. 

Rough service lamp means a lamp 
that— 

(1) Has a minimum of 5 supports with 
filament configurations that are C–7A, 
C–11, C–17, and C–22 as listed in Figure 
6–12 of the IESNA Lighting Handbook 
(incorporated by reference; see § 430.3), 
or similar configurations where lead 
wires are not counted as supports; and 

(2) Is designated and marketed spe-
cifically for ‘rough service’ applica-
tions, with 

(i) The designation appearing on the 
lamp packaging; and 

(ii) Marketing materials that iden-
tify the lamp as being for rough serv-
ice. 

S-video means a video display inter-
face that transmits analog video over 
two channels: luma and chroma as de-
fined by IEC 60933–5 Ed. 1.0 (incor-
porated by reference; see § 430.3). 

Secretary means the Secretary of the 
Department of Energy. 

Security or life safety alarm or surveil-
lance system means: 

(1) Equipment designed and marketed 
to perform any of the following func-
tions (on a continuous basis): 

(i) Monitor, detect, record, or provide 
notification of intrusion or access to 
real property or physical assets or no-
tification of threats to life safety. 

(ii) Deter or control access to real 
property or physical assets, or prevent 
the unauthorized removal of physical 
assets. 

(iii) Monitor, detect, record, or pro-
vide notification of fire, gas, smoke, 
flooding, or other physical threats to 
real property, physical assets, or life 
safety. 

(2) This term does not include any 
product with a principal function other 
than life safety, security, or surveil-
lance that: 

(i) Is designed and marketed with a 
built-in alarm or theft-deterrent fea-
ture; or 

(ii) Does not operate necessarily and 
continuously in active mode. 

Semi-automatic clothes washer means a 
class of clothes washer that is the same 
as an automatic clothes washer except 
that user intervention is required to 
regulate the water temperature by ad-
justing the external water faucet 
valves. 

Shatter-resistant lamp, shatter-proof 
lamp, or shatter-protected lamp means a 
lamp that— 

(1) Has a coating or equivalent tech-
nology that is compliant with NSF/ 
ANSI 51 (incorporated by reference; see 
§ 430.3) and is designed to contain the 
glass if the glass envelope of the lamp 
is broken; and 

(2) Is designated and marketed for 
the intended application, with 

(i) The designation on the lamp pack-
aging; and 
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(ii) Marketing materials that iden-
tify the lamp as being shatter-resist-
ant, shatter-proof, or shatter-pro-
tected. 

Showerhead means a component or 
set of components distributed in com-
merce for attachment to a single sup-
ply fitting, for spraying water onto a 
bather, typically from an overhead po-
sition, excluding safety shower 
showerheads. 

Small-duct high-velocity (SDHV) elec-
tric furnace means an electric furnace 
that: 

(1) Is designed for, and produces, at 
least 1.2 inches of external static pres-
sure when operated at the certified air 
volume rate of 220–350 CFM per rated 
ton of cooling in the highest default 
cooling airflow-control setting; and 

(2) When applied in the field, uses 
high velocity room outlets generally 
greater than 1,000 fpm that have less 
than 6.0 square inches of free area. 

Small-duct high-velocity (SDHV) mod-
ular blower means a modular blower 
that: 

(1) Is designed for, and produces, at 
least 1.2 inches of external static pres-
sure when operated at the certified air 
volume rate of 220–350 CFM per rated 
ton of cooling in the highest default 
cooling airflow-controls setting; and 

(2) When applied in the field, uses 
high velocity room outlets generally 
greater than 1,000 fpm that have less 
than 6.0 square inches of free area. 

Small duct, high velocity system means 
a heating and cooling product that con-
tains a blower and indoor coil combina-
tion that— 

(1) Is designed for, and produces, at 
least 1.2 inches of external static pres-
sure when operated at the certified air 
volume rate of 220–350 CFM per rated 
ton of cooling; and 

(2) When applied in the field, uses 
high velocity room outlets generally 
greater than 1,000 fpm that have less 
than 6.0 square inches of free area. 

Space constrained product means a 
central air conditioner or heat pump: 

(1) That has rated cooling capacities 
no greater than 30,000 BTU/hr; 

(2) That has an outdoor or indoor 
unit having at least two overall exte-
rior dimensions or an overall displace-
ment that: 

(i) Is substantially smaller than 
those of other units that are: 

(A) Currently usually installed in 
site-built single family homes; and 

(B) Of a similar cooling, and, if a heat 
pump, heating capacity; and 

(ii) If increased, would certainly re-
sult in a considerable increase in the 
usual cost of installation or would cer-
tainly result in a significant loss in the 
utility of the product to the consumer; 
and 

(3) Of a product type that was avail-
able for purchase in the United States 
as of December 1, 2000. 

Specialty application mercury vapor 
lamp ballast means a mercury vapor 
lamp ballast that— 

(1) Is designed and marketed for oper-
ation of mercury vapor lamps used in 
quality inspection, industrial proc-
essing, or scientific use, including fluo-
rescent microscopy and ultraviolet cur-
ing; and 

(2) In the case of a specialty applica-
tion mercury vapor lamp ballast, the 
label of which— 

(i) Provides that the specialty appli-
cation mercury vapor lamp ballast is 
‘For specialty applications only, not 
for general illumination’; and 

(ii) Specifies the specific applications 
for which the ballast is designed. 

Standby mode means the condition in 
which an energy-using product— 

(1) Is connected to a main power 
source; and 

(2) Offers one or more of the fol-
lowing user-oriented or protective 
functions: 

(i) To facilitate the activation or de-
activation of other functions (includ-
ing active mode) by remote switch (in-
cluding remote control), internal sen-
sor, or timer; or 

(ii) Continuous functions, including 
information or status displays (includ-
ing clocks) or sensor-based functions. 

State means a State, the District of 
Columbia, Puerto Rico, or any terri-
tory or possession of the United States. 

State regulation means a law or regu-
lation of a State or political subdivi-
sion thereof. 

Supplementary heater means a heating 
device that provides heat to a space in 
addition to that which is supplied by a 
primary heater. Supplementary heat-
ers include portable electric heaters. 
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Surface unit means either a heating 
unit mounted in a cooking top, or a 
heating source and its associated heat-
ed area of the cooking top, on which 
vessels are placed for the cooking or 
heating of food. 

Television set or TV means a product 
designed to produce dynamic video, 
contains an internal TV tuner encased 
within the product housing, and that is 
capable of receiving dynamic visual 
content from wired or wireless sources 
including but not limited to: 

(1) Broadcast and similar services for 
terrestrial, cable, satellite, and/or 
broadband transmission of analog and/ 
or digital signals; and/or 

(2) Display-specific data connections, 
such as HDMI, Component video, S- 
video, Composite video; and/or 

(3) Media storage devices such as a 
USB flash drive, memory card, or a 
DVD; and/or 

(4) Network connections, usually 
using Internet Protocol, typically car-
ried over Ethernet or Wi-Fi. 

Tested combination means a multi- 
split system with multiple indoor coils 
having the following features: 

(1) The basic model of a system used 
as a tested combination shall consist of 
one outdoor unit, with one or more 
compressors, that is matched with be-
tween 2 and 5 indoor units; for multi- 
split systems, each of these indoor 
units shall be designed for individual 
operation. 

(2) The indoor units shall— 
(i) Represent the highest sales model 

family, or another indoor model family 
if the highest sales model family does 
not provide sufficient capacity (see ii); 

(ii) Together, have a nominal capac-
ity that is between 95% and 105% of the 
nominal capacity of the outdoor unit; 

(iii) Not, individually, have a capac-
ity that is greater than 50% of the 
nominal capacity of the outdoor unit; 

(iv) Operate at fan speeds that are 
consistent with the manufacturer’s 
specifications; and 

(v) All be subject to the same min-
imum external static pressure require-
ment (i.e., 0 inches of water column for 
non-ducted, see Table 2 in appendix M 
to subpart B of this part for ducted in-
door units) while being configurable to 
produce the same static pressure at the 
exit of each outlet plenum when 

manifolded as per section 2.4.1 of ap-
pendix M. 

Through-the-wall central air condi-
tioner means a central air conditioner 
that is designed to be installed totally 
or partially within a fixed-size opening 
in an exterior wall, and: 

(1) Is not weatherized; 
(2) Is clearly and permanently 

marked for installation only through 
an exterior wall; 

(3) Has a rated cooling capacity no 
greater than 30,000 Btu/hr; 

(4) Exchanges all of its outdoor air 
across a single surface of the equip-
ment cabinet; and 

(5) Has a combined outdoor air ex-
change area of less than 800 square 
inches (split systems) or less than 1,210 
square inches (single packaged sys-
tems) as measured on the surface de-
scribed in paragraph (4) of this defini-
tion. 

Through-the-wall central air condi-
tioning heat pump means a heat pump 
that is designed to be installed totally 
or partially within a fixed-size opening 
in an exterior wall, and: 

(1) Is not weatherized; 
(2) Is clearly and permanently 

marked for installation only through 
an exterior wall; 

(3) Has a rated cooling capacity no 
greater than 30,000 Btu/hr; 

(4) Exchanges all of its outdoor air 
across a single surface of the equip-
ment cabinet; and 

(5) Has a combined outdoor air ex-
change area of less than 800 square 
inches (split systems) or less than 1,210 
square inches (single packaged sys-
tems) as measured on the surface de-
scribed in paragraph (4) of this defini-
tion. 

Torchiere means a portable electric 
lamp with a reflector bowl that directs 
light upward to give indirect illumina-
tion. 

Unvented gas heater means an 
unvented, self-contained, free-standing, 
nonrecessed gas-burning appliance 
which furnishes warm air by gravity or 
fan circulation. 

Unvented home heating equipment 
means a class of home heating equip-
ment, not including furnaces, used for 
the purpose of furnishing heat to a 
space proximate to such heater di-
rectly from the heater and without 
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duct connections and includes electric 
heaters and unvented gas and oil heat-
ers. 

Unvented oil heater means an 
unvented, self-contained, free-standing, 
nonrecessed oil-burning appliance 
which furnishes warm air by gravity or 
fan circulation. 

Urinal means a plumbing fixture 
which receives only liquid body waste 
and, on demand, conveys the waste 
through a trap seal into a gravity 
drainage system, except such term does 
not include fixtures designed for instal-
lations in prisons. 

Vented floor furnace means a self-con-
tained vented heater suspended from 
the floor of the space being heated, 
taking air for combustion from outside 
this space. The vented floor furnace 
supplies heated air circulated by grav-
ity or by a fan directly into the space 
to be heated through openings in the 
casing. 

Vented home heating equipment or 
vented heater means a class of home 
heating equipment, not including fur-
naces, designed to furnish warmed air 
to the living space of a residence, di-
rectly from the device, without duct 
connections (except that boots not to 
exceed 10 inches beyond the casing may 
be permitted and except for vented 
hearth heaters, which may be with or 
without duct connections) and in-
cludes: vented wall furnace, vented 
floor furnace, vented room heater, and 
vented hearth heater. 

Vented room heater means a self-con-
tained, free standing, nonrecessed, 
vented heater for furnishing warmed 
air to the space in which it is installed. 
The vented room heater supplies heat-
ed air circulated by gravity or by a fan 
directly into the space to be heated 
through openings in the casing. 

Vented wall furnace means a self-con-
tained vented heater complete with 
grilles or the equivalent, designed for 
incorporation in, or permanent attach-
ment to, a wall of a residence and fur-
nishing heated air circulated by grav-
ity or by a fan directly into the space 
to be heated through openings in the 
casing. 

Vibration service lamp means a lamp 
that— 

(1) Has filament configurations that 
are C–5, C–7A, or C–9, as listed in Fig-

ure 6–12 of the IESNA Lighting Hand-
book (incorporated by reference; see 
§ 430.3) or similar configurations; 

(2) Has a maximum wattage of 60 
watts; 

(3) Is sold at retail in packages of 2 
lamps or less; and 

(4) Is designated and marketed spe-
cifically for vibration service or vibra-
tion-resistant applications, with— 

(i) The designation appearing on the 
lamp packaging; and 

(ii) Marketing materials that iden-
tify the lamp as being vibration service 
only. 

Voltage range means a band of oper-
ating voltages as marked on an incan-
descent lamp, indicating that the lamp 
is designed to operate at any voltage 
within the band. 

Wall electric heater means an electric 
heater (excluding baseboard electric 
heaters) which is intended to be re-
cessed in or surface mounted on walls, 
which transfers heat by radiation and/ 
or convection (either natural or forced) 
and which includes forced convectors, 
natural convectors, radiant heaters, 
high wall or valance heaters. 

Water closet means a plumbing fixture 
that has a water-containing receptor 
which receives liquid and solid body 
waste, and upon actuation, conveys the 
waste through an exposed integral trap 
seal into a gravity drainage system, ex-
cept such term does not include fix-
tures designed for installation in pris-
ons. 

Water heater means a product which 
utilizes oil, gas, or electricity to heat 
potable water for use outside the heat-
er upon demand, including— 

(1) Storage type units which heat and 
store water at a thermostatically con-
trolled temperature, including gas 
storage water heaters with an input of 
75,000 Btu per hour or less, oil storage 
water heaters with an input of 105,000 
Btu per hour or less, and electric stor-
age water heaters with an input of 12 
kilowatts or less; 

(2) Instantaneous type units which 
heat water but contain no more than 
one gallon of water per 4,000 Btu per 
hour of input, including gas instanta-
neous water heaters with an input of 
200,000 Btu per hour or less, oil instan-
taneous water heaters with an input of 
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210,000 Btu per hour or less, and elec-
tric instantaneous water heaters with 
an input of 12 kilowatts or less; and 

(3) Heat pump type units, with a 
maximum current rating of 24 amperes 
at a voltage no greater than 250 volts, 
which are products designed to transfer 
thermal energy from one temperature 
level to a higher temperature level for 
the purpose of heating water, including 
all ancillary equipment such as fans, 
storage tanks, pumps, or controls nec-
essary for the device to perform its 
function. 

Water use means the quantity of 
water flowing through a showerhead, 
faucet, water closet, or urinal at point 
of use, determined in accordance with 
test procedures under appendices S and 
T of subpart B of this part. 

Weatherized warm air furnace or boiler 
means a furnace or boiler designed for 
installation outdoors, approved for re-
sistance to wind, rain, and snow, and 
supplied with its own venting system. 

[42 FR 27898, June 1, 1977] 

EDITORIAL NOTE: For FEDERAL REGISTER ci-
tations affecting § 430.2, see the List of CFR 
Sections Affected, which appears in the 
Finding Aids section of the printed volume 
and at www.fdsys.gov. 

EFFECTIVE DATE NOTE: At 79 FR 40566, July 
11, 2014, § 430.2 was amended by adding the 
definitions of ‘‘Electric heat pump water 
heater,’’ ‘‘Electric instantaneous water heat-
er,’’ ‘‘Electric storage water heater,’’ ‘‘Gas- 
fired instantaneous water heater,’’ ‘‘Gas- 
fired storage water heater,’’ ‘‘Gas-fired heat 
pump water heater,’’ ‘‘Oil-fired instanta-
neous water heater,’’ and ‘‘Oil-fired storage 
water heater’’ in alphabetical order, effec-
tive July 13, 2015. For the convenience of the 
user, the added text is set forth as follows: 

§ 430.2 Definitions. 

* * * * * 

Electric heat pump water heater means a 
water heater that uses electricity as the en-
ergy source, has a maximum current rating 
of 24 amperes (including the compressor and 
all auxiliary equipment such as fans, pumps, 
controls, and, if on the same circuit, any re-
sistive elements) at an input voltage of no 
greater than 250 volts, has a rated storage 
capacity of 120 gallons (450 liters) or less, is 
designed to transfer thermal energy from 
one temperature level to a higher tempera-
ture level for the purpose of heating water, 
including all ancillary equipment such as 
fans, storage tanks, pumps, or controls nec-

essary for the device to perform its function, 
and is designed to heat and store water at a 
thermostatically-controlled temperature 
less than or equal to 180 °F (82 °C). 

* * * * * 

Electric instantaneous water heater means a 
water heater that uses electricity as the en-
ergy source, has a nameplate input rating of 
12 kW (40,956 Btu/h) or less, contains no more 
than one gallon of water per 4,000 Btu per 
hour of input, and is designed to provide out-
let water at a controlled temperature less 
than or equal to 180 °F (82 °C). The unit may 
use a fixed or variable burner input. 

* * * * * 

Electric storage water heater means a water 
heater that uses electricity as the energy 
source, has a nameplate input rating of 12 
kW (40,956 Btu/h) or less, has a rated storage 
capacity of 120 gallons (450 liters) or less, 
contains more than one gallon of water per 
4,000 Btu per hour of input, and may be de-
signed to heat and store water at a 
thermostatically-controlled temperature 
less than or equal to 180 °F (82 °C). 

* * * * * 

Gas-fired heat pump water heater means a 
water heater that uses gas as the main en-
ergy source, has a nameplate input rating of 
75,000 Btu/h (79 MJ/h) or less, has a maximum 
current rating of 24 amperes (including all 
auxiliary equipment such as fans, pumps, 
controls, and, if on the same circuit, any re-
sistive elements) at an input voltage of no 
greater than 250 volts, has a rated storage 
volume not more than 120 gallons (450 liters), 
and is designed to transfer thermal energy 
from one temperature level to a higher tem-
perature level to deliver water at a 
thermostatically controlled temperature less 
than or equal to 180 °F (82 °C). 

Gas-fired instantaneous water heater means 
a water heater that uses gas as the main en-
ergy source, has a nameplate input rating 
less than 200,000 Btu/h (210 MJ/h), contains no 
more than one gallon of water per 4,000 Btu 
per hour of input, and is designed to provide 
outlet water at a controlled temperature less 
than or equal to 180 °F (82 °C). The unit may 
use a fixed or variable burner input. 

Gas-fired storage water heater means a water 
heater that uses gas as the main energy 
source, has a nameplate input rating of 75,000 
Btu/h (79 MJ/h) or less, has a rated storage 
capacity of 120 gallons (450 liters) or less, 
contains more than one gallon of water per 
4,000 Btu per hour of input, and is designed to 
heat and store water at a thermostatically- 
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controlled temperature less than or equal to 
180 °F (82 °C). 

* * * * * 

Oil-fired instantaneous water heater means a 
water heater that uses oil as the main en-
ergy source, has a nameplate input rating of 
210,000 Btu/h (220 MJ/h) or less, contains no 
more than one gallon of water per 4,000 Btu 
per hour of input, and is designed to provide 
outlet water at a controlled temperature less 
than or equal to 180 °F (82 °C). The unit may 
use a fixed or variable burner input. 

Oil-fired storage water heater means a water 
heater that uses oil as the main energy 
source, has a nameplate input rating of 
105,000 Btu/h (110 MJ/h) or less, has a rated 
storage capacity of 120 gallons (450 liters) or 
less, contains more than one gallon of water 
per 4,000 Btu per hour of input, and is de-
signed to heat and store water at a 
thermostatically-controlled temperature 
less than or equal to 180 °F (82 °C). 

* * * * * 

§ 430.3 Materials incorporated by ref-
erence. 

(a) General. We incorporate by ref-
erence the following standards into 
part 430. The material listed has been 
approved for incorporation by ref-
erence by the Director of the Federal 
Register in accordance with 5 U.S.C. 
552(a) and 1 CFR part 51. Any subse-
quent amendment to a standard by the 
standard-setting organization will not 
affect the DOE regulations unless and 
until amended by DOE. Material is in-
corporated as it exists on the date of 
the approval and a notice of any 
change in the material will be pub-
lished in the FEDERAL REGISTER. All 
approved material is available for in-
spection at the National Archives and 
Records Administration (NARA). For 
information on the availability of this 
material at NARA, call 202–741–6030, or 
go to: http://www.archives.gov/ 
federallregister/ 
codeloflfederallregulations/ 
ibrllocations.html. Also, this material 
is available for inspection at U.S. De-
partment of Energy, Office of Energy 
Efficiency and Renewable Energy, 
Building Technologies Program, 6th 
Floor, 950 L’Enfant Plaza, SW., Wash-
ington, DC 20024, (202) 586–2945, or go to: 
http://www1.eere.energy.gov/buildings/ 
appliancelstandards/. Standards can be 
obtained from the sources below. 

(b) AHRI. Air-Conditioning, Heating, 
and Refrigeration Institute, 2111 Wil-
son Blvd, Suite 500, Arlington, VA 
22201, 703–524–8800, or go to http:// 
www.ahrinet.org. 

(1) ARI 210/240–2006, Unitary Air-Con-
ditioning and Air-Source Heat Pump 
Equipment, approved March 26, 1998, 
IBR approved for appendix M to sub-
part B. 

(2) [Reserved] 
(c) AATCC. American Association of 

Textile Chemists and Colorists, P.O. 
Box 12215, Research Triangle Park, NC 
27709, (919) 549–3526, or go to 
www.aatcc.org. 

(1) AATCC Test Method 79–2010, Ab-
sorbency of Textiles, Revised 2010, IBR 
approved for Appendix J2 to Subpart B. 

(2) AATCC Test Method 118–2007, Oil 
Repellency: Hydrocarbon Resistance 
Test, Revised 2007, IBR approved for 
Appendix J2 to Subpart B. 

(3) AATCC Test Method 135–2010, Di-
mensional Changes of Fabrics after 
Home Laundering, Revised 2010, IBR 
approved for Appendix J2 to Subpart B. 

(d) ANSI. American National Stand-
ards Institute, 25 W. 43rd Street, 4th 
Floor, New York, NY 10036, 212–642–4900, 
or go to http://www.ansi.org. 

(1) ANSI C78.3–1991 (‘‘ANSI C78.3’’), 
American National Standard for Fluo-
rescent Lamps-Instant-start and Cold- 
Cathode Types-Dimensional and Elec-
trical Characteristics, approved July 
15, 1991; IBR approved for § 430.32. 

(2) ANSI C78.20–2003, Revision of 
ANSI C78.20–1995 (‘‘ANSI C78.20’’), 
American National Standard for elec-
tric lamps—A, G, PS, and Similar 
Shapes with E26 Medium Screw Bases, 
approved October 30, 2003; IBR ap-
proved for § 430.2. 

(3) ANSI C78.21–1989, American Na-
tional Standard for Electric Lamps— 
PAR and R Shapes, approved March 3, 
1989, IBR approved for § 430.2. 

(4) ANSI C78.21–2003, Revision of 
ANSI C78.21–1995 with all supplements, 
American National Standard for Elec-
tric Lamps—PAR and R Shapes, ap-
proved October 30, 2003, IBR approved 
for § 430.2. 

(5) ANSIlANSLG C78.81–2010, (‘‘ANSI 
C78.81’’), American National Standard 
for Electric Lamps—Double-Capped 
Fluorescent Lamps— Dimensional and 
Electrical Characteristics, approved 
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January 14, 2010, IBR approved for 
§ 430.2, § 430.32, appendix Q, appendix Q1, 
and appendix R to subpart B. 

(6) ANSI C78.375–1997, Revision of 
ANSI C78.375–1991 (‘‘ANSI C78.375’’), 
American National Standard for Fluo-
rescent Lamps—Guide for Electrical 
Measurements, first edition, approved 
September 25, 1997; IBR approved for 
appendix Q, appendix Q1 and appendix 
R to subpart B. 

(7) ANSIlIEC C78.901–2005, Revision 
of ANSI C78.901–2001 (‘‘ANSI C78.901’’), 
American National Standard for Elec-
tric Lamps—Single-Based Fluorescent 
Lamps—Dimensional and Electrical 
Characteristics, approved March 23, 
2005; IBR approved for § 430.2 and appen-
dix R to subpart B. 

(8) ANSI C79.1–1994, American Na-
tional Standard for Nomenclature for 
Glass Bulbs—Intended for Use with 
Electric Lamps, approved March 24, 
1994, IBR approved for § 430.2. 

(9) ANSI C79.1–2002, American Na-
tional Standard for Electric Lamps— 
Nomenclature for Glass Bulbs Intended 
for Use with Electric Lamps, approved 
September 16, 2002, IBR approved for 
§ 430.2. 

(10) ANSIlANSLGl C81.61–2006, Re-
vision of ANSI C81.61–2005, (‘‘ANSI 
C81.61’’), American National Standard 
for electrical lamp bases—Specifica-
tions for Bases (Caps) for Electric 
Lamps, approved August 25, 2006, IBR 
approved for § 430.2. 

(11) ANSI C82.1–2004, (‘‘ANSI C82.1’’), 
American National Standard for Lamp 
Ballast—Line Frequency Fluorescent 
Lamp Ballast, approved November 19, 
2004; IBR approved for appendix Q and 
appendix Q1 to subpart B. 

(12) ANSI C82.2–2002, (‘‘ANSI C82.2’’), 
American National Standard for Lamp 
Ballasts—Method of Measurement of 
Fluorescent Ballasts, Approved June 6, 
2002, IBR approved for appendix Q and 
appendix Q1 to subpart B. 

(13) ANSI C82.3–2002, Revision of 
ANSI C82.3–1983 (R 1995) (‘‘ANSI 
C82.3’’), American National Standard 
for Reference Ballasts for Fluorescent 
Lamps, approved September 4, 2002; 
IBR approved for appendix Q, appendix 
Q1 and appendix R to subpart B. 

(14) ANSI C82.11 Consolidated-2002, 
(‘‘ANSI C82.11’’), American National 
Standard for Lamp Ballasts—High-fre-

quency Fluorescent Lamp Ballasts— 
Supplements, approved March 11, 1999, 
August 5, 1999 and January 17, 2002; IBR 
approved for appendix Q and appendix 
Q1 to subpart B. 

(15) ANSI C82.13–2002 (‘‘ANSI C82.13’’), 
American National Standard for Lamp 
Ballasts—Definitions for Fluorescent 
Lamps and Ballasts, approved July 23, 
2002; IBR approved for appendix Q and 
appendix Q1 to subpart B. 

(16) ANSI Z21.56–2006, section 2.10 
(‘‘ANSI Z21.56’’), Standard for Gas- 
Fired Pool Heaters, approved December 
13, 2005, IBR approved for appendix P to 
subpart B. 

(17) ANSI Z21.50–2007 (CSA 2.22–2007), 
(‘‘ANSI Z21.50’’), Vented Gas Fire-
places, Fifth Edition, Approved Feb-
ruary 22, 2007, IBR approved for § 430.2. 

(18) ANSI Z21.88–2009 (CSA 2.33–2009), 
(‘‘ANSI Z21.88’’), Vented Gas Fireplace 
Heaters, Fifth Edition, Approved 
March 26, 2009, IBR approved for § 430.2. 

(e) AS/NZS. Australian/New Zealand 
Standard, GPO Box 476, Sydney NSW 
2001, (02) 9237–6000 or (12) 0065–4646, or 
go to www.standards.org.au/Standards 
New Zealand, Level 10 Radio New Zea-
land House 144 The Terrace Wellington 
6001 (Private Bag 2439 Wellington 6020), 
(04) 498–5990 or (04) 498–5991, or go to 
www.standards.co.nz. 

(1) AS/NZS 4474.1:2007, Performance 
of Household Electrical Appliances— 
Refrigerating Appliances; Part 1: En-
ergy Consumption and Performance, 
Second edition, published August 15, 
2007, IBR approved for Appendix A to 
Subpart B. 

(2) [Reserved] 
(f) ASHRAE. American Society of 

Heating, Refrigerating and Air-Condi-
tioning Engineers, Inc., Publication 
Sales, 1791 Tullie Circle, NE., Atlanta, 
GA 30329, 800–527–4723 or 404–636–8400, or 
go to http://www.ashrae.org. 

(1) ANSI/ASHRAE Standard 16–1983 
(‘‘ANSI/ASHRAE 16’’) (RA 2009), (Reaf-
firmation of ANSI/ASHRAE Standard 
16–1983 [RA 1999]), Method of Testing 
for Rating Room Air Conditioners and 
Packaged Terminal Air Conditioners, 
ASHRAE approved October 18, 1988, and 
reaffirmed June 20, 2009. ANSI ap-
proved October 20, 1998 and reaffirmed 
June 25, 2009. IBR approved for appen-
dix F to subpart B. 
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(2) ASHRAE 23–2005, Methods of Test-
ing for Rating Positive Displacement 
Refrigerant Compressors and Con-
densing Units, approved February 10, 
2005, IBR approved for appendix M to 
subpart B. 

(3) ASHRAE 37–2005, Methods of Test-
ing for Rating Unitary Air-Condi-
tioning and Heat Pump Equipment, ap-
proved March 11, 2005, IBR approved for 
appendix M to subpart B. 

(4) ANSI/ASHRAE Standard 37–2009, 
(‘‘ASHRAE 37–2009’’), Methods of Test-
ing for Rating Electrically Driven Uni-
tary Air-Conditioning and Heat Pump 
Equipment, ANSI approved June 25, 
2009, IBR approved for appendix AA to 
subpart B. 

(5) ASHRAE 41.1–1986 (Reaffirmed 
2006), Standard Method for Tempera-
ture Measurement, approved February 
18, 1987, IBR approved for appendices E, 
M, and AA to subpart B. 

(6) ASHRAE 41.2–1987 (Reaffirmed 
1992), Standard Methods for Laboratory 
Airflow Measurement, approved Octo-
ber 1, 1987, IBR approved for appendix 
M to subpart B. 

(7) ASHRAE 41.6–1994 (Reaffirmed 
2001), Standard Method for Measure-
ment of Moist Air Properties, approved 
August 30, 1994, IBR approved for ap-
pendix M to subpart B. 

(8) ASHRAE 41.9–2000, Calorimeter 
Test Methods for Mass Flow Measure-
ments of Volatile Refrigerants, ap-
proved October 6, 2000, IBR approved 
for appendix M to subpart B. 

(9) ASHRAE/AMCA 51–1999/210–1999, 
Laboratory Methods of Testing Fans 
for Aerodynamic Performance Rating, 
approved December 2, 1999, IBR ap-
proved for appendix M to subpart B. 

(10) ASHRAE Standard 103–1993, 
(‘‘ASHRAE 103–1993’’), Methods of Test-
ing for Annual Fuel Utilization Effi-
ciency of Residential Central Furnaces 
and Boilers, (with Errata of October 24, 
1996) except for sections 3.0, 7.2.2.5, 
8.6.1.1, 9.1.2.2, 9.5.1.1, 9.5.1.2.1, 9.5.1.2.2, 
9.5.2.1, 9.7.1, 10.0, 11.2.12, 11.3.12, 11.4.12, 
11.5.12 and appendices B and C, ap-
proved October 4, 1993, IBR approved 
for § 430.23 and appendix N to subpart B. 

(11) ANSI/ASHRAE Standard 103–2007, 
(‘‘ASHRAE 103–2007’’), Methods of Test-
ing for Annual Fuel Utilization Effi-
ciency of Residential Central Furnaces 
and Boilers, except for sections 7.2.2.5, 

8.6.1.1, 9.1.2.2, 9.5.1.1, 9.5.1.2.1, 9.5.1.2.2, 
9.5.2.1, 9.7.1, 11.2.12, 11.3.12, 11.4.12, 
11.5.12 and appendices B and C, ANSI 
approved March 25, 2008, IBR approved 
for appendix AA to subpart B. 

(12) ASHRAE 116–1995 (RA 2005), 
Methods of Testing for Rating Seasonal 
Efficiency of Unitary Air Conditioners 
and Heat Pumps, approved July 24, 
1995, IBR approved for appendix M to 
subpart B. 

(g) ASME. American Society of Me-
chanical Engineers, Service Center, 22 
Law Drive, P.O. Box 2900, Fairfield, NJ 
07007, 973–882–1170, or go to http:// 
www.asme.org. 

(1) ASME A112.18.1–2012, (‘‘ASME 
A112.18.1–2012’’), ‘‘Plumbing supply fit-
tings,’’ section 5.4, approved December, 
2012, IBR approved for appendix S to 
subpart B. 

(2) ASME A112.19.2–2008, (‘‘ASME 
A112.19.2–2008’’), ‘‘Ceramic plumbing 
fixtures,’’ sections 7.1, 7.1.1, 7.1.2, 7.1.3, 
7.1.4, 7.1.5, 7.4, 8.2, 8.2.1, 8.2.2, 8.2.3, 8.6, 
Table 5, and Table 6 approved August 
2008, including Update No. 1, dated Au-
gust 2009, and Update No. 2, dated 
March 2011, IBR approved for § 430.2 and 
appendix T to subpart B. 

(h) AHAM. Association of Home Ap-
pliance Manufacturers, 1111 19th 
Street, NW., Suite 402, Washington, DC 
20036, 202–872–5955, or go to http:// 
www.aham.org. 

(1) ANSI/AHAM DH–1–2008 (‘‘ANSI/ 
AHAM DH–1’’), Dehumidifiers, ANSI ap-
proved May 9, 2008, IBR approved for 
appendix X to subpart B. 

(2) ANSI/AHAM DW–1–1992, American 
National Standard, Household Electric 
Dishwashers, approved February 6, 
1992, IBR approved for appendix C to 
subpart B and § 430.32. 

(3) ANSI/AHAM DW–1–2010, Household 
Electric Dishwashers, (ANSI approved 
September 18, 2010), IBR approved for 
appendix C1 to subpart B. 

(4) AHAM HLD–1–2009 (‘‘AHAM HLD– 
1’’), Household Tumble Type Clothes 
Dryers, (2009), IBR approved for appen-
dix D1 and D2 to subpart B. 

(5) ANSI/AHAM HRF–1–1979, (Revi-
sion of ANSI B38.1–1970), (‘‘HRF–1– 
1979’’), American National Standard, 
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Household Refrigerators, Combination Re-
frigerator-Freezers and Household Freez-
ers, approved May 17, 1979, IBR ap-
proved for appendices A1 and B1 to sub-
part B. 

(6) AHAM HRF–1–2008, (‘‘HRF–1– 
2008’’), Association of Home Appliance 
Manufacturers, Energy and Internal 
Volume of Refrigerating Appliances 
(2008), including Errata to Energy and 
Internal Volume of Refrigerating Ap-
pliances, Correction Sheet issued No-
vember 17, 2009, IBR approved for ap-
pendices A and B to subpart B. 

(7) ANSI/AHAM RAC–1–2008 (‘‘ANSI/ 
AHAM RAC–1’’), Room Air Condi-
tioners, (2008; ANSI approved July 7, 
2008), IBR approved for appendix F to 
subpart B. 

(i) CEA. Consumer Electronics Asso-
ciation, Technology & Standards De-
partment, 1919 S. Eads Street, Arling-
ton, VA 22202, 703–907–7600, or go to 
www.CE.org. 

(1) CEA Standard, CEA–770.3–D, High 
Definition TV Analog Component Video 
Interface, published February 2008; IBR 
approved for § 430.2. 

(2) [Reserved] 
(j) CEC. California Energy Commis-

sion, 1516 Ninth Street, MS–25, Sac-
ramento, CA 95814, 916–654–4091, or go to 
http://www.energy.ca.gov. 

(1) CEC Test Method for Calculating 
the Energy Efficiency of Single-Volt-
age External Ac-Dc and Ac-Ac Power 
Supplies, August 11, 2004, IBR approved 
for appendix Z to subpart B. 

(2) [Reserved] 
(k) CIE. Commission Internationale 

de l’Eclairage (CIE), Central Bureau, 
Kegelgasse 27, A–1030, Vienna, Austria, 
011+43 1 714 31 87 0, or go to http:// 
www.cie.co.at. 

(1) CIE 13.3–1995 (‘‘CIE 13.3’’), Tech-
nical Report: Method of Measuring and 
Specifying Colour Rendering Prop-
erties of Light Sources, 1995, ISBN 3 900 
734 57 7; IBR approved for § 430.2 and ap-
pendix R to subpart B. 

(2) CIE 15:2004 (‘‘CIE 15’’), Technical 
Report: Colorimetry, 3rd edition, 2004, 
ISBN 978 3 901906 33 6; IBR approved for 
appendix R to subpart B. 

(l) Environmental Protection Agency 
(EPA), ENERGY STAR documents pub-
lished by the Environmental Protec-
tion Agency are available online at 
http://www.energystar.gov or by con-

tacting the Energy Star hotline at 1– 
888–782–7937. 

(1) ENERGY STAR Testing Facility 
Guidance Manual: Building a Testing 
Facility and Performing the Solid 
State Test Method for ENERGY STAR 
Qualified Ceiling Fans, Version 1.1, ap-
proved December 9, 2002, IBR approved 
for appendix U to subpart B. 

(2) ENERGY STAR Program Require-
ments for Residential Light Fixtures, 
Version 4.0, approved January 10, 2005, 
IBR approved for appendix V to subpart 
B. 

(3) ENERGY STAR Program Require-
ments for Dehumidifiers, approved 
January 1, 2001, IBR approved for ap-
pendix X to subpart B. 

(4) Energy Star Program Require-
ments for Single Voltage External Ac- 
Dc and Ac-Ac Power Supplies, Eligi-
bility Criteria (Version 2.0), effective 
date for EPS Manufacturers November 
1, 2008, IBR approved for subpart C, 
§ 430.32. 

(5) Test Methodology for Deter-
mining the Energy Performance of Bat-
tery Charging Systems, approved De-
cember 2005, IBR approved for appendix 
Y to subpart B. 

(m) HDMI®. High-Definition Multi-
media Interface Licensing, LLC, 1140 
East Arques Avenue, Suite 100, Sunny-
vale, CA 94085, 408–616–1542, or go to 
www.hdmi.org. 

(1) HDMI Specification Informational 
Version 1.0, High-Definition Multimedia 
Interface Specification, published Sep-
tember 4, 2003; IBR approved for § 430.2. 

(2) [Reserved] 
(n) IESNA. Illuminating Engineering 

Society of North America, 120 Wall 
Street, Floor 17, New York, NY 10005– 
4001, 212–248–5000, or go to http:// 
www.iesna.org. 

(1) The IESNA Lighting Handbook, Ref-
erence & Application, (‘‘The IESNA 
Lighting Handbook’’), 9th ed., Chapter 
6, ‘‘Light Sources,’’ July 2000, IBR ap-
proved for § 430.2. 

(2) IES LM–9–09, (‘‘IES LM–9’’), IES 
Approved Method for the Electrical and 
Photometric Measurement of Fluores-
cent Lamps, approved January 31, 2009; 
IBR approved for § 430.2 and appendix R 
to subpart B. 
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(3) IESNA LM–16–1993 (‘‘IESNA LM– 
16’’), IESNA Practical Guide to Col-
orimetry of Light Sources, December 
1993, IBR approved for § 430.2. 

(4) IES LM–20–1994, IESNA Approved 
Method for Photometric Testing of Re-
flector-Type Lamps, approved Decem-
ber 3, 1994, IBR approved for appendix 
R to subpart B. 

(5) IES LM–45–09, (‘‘IES LM–45’’), IES 
Approved Method for the Electrical and 
Photometric Measurement of General 
Service Incandescent Filament Lamps, 
approved December 14, 2009; IBR ap-
proved for appendix R to subpart B. 

(6) IESNA LM–49–01 (‘‘IESNA LM– 
49’’), IESNA Approved Method for Life 
Testing of Incandescent Filament 
Lamps, approved December 1, 2001, IBR 
approved for § 430.2 and appendix R to 
subpart B. 

(7) IES LM–58–1994, IESNA Guide to 
Spectroradiometric Measurements, ap-
proved December 3, 1994, IBR approved 
for appendix R to subpart B. 

(o) IEC. International Electro-
technical Commission, available from 
the American National Standards In-
stitute, 25 W. 43rd Street, 4th Floor, 
New York, NY 10036, (212) 642–4900, or 
go to http://webstore.ansi.org. 

(1) IEC Standard 933–5:1992, (‘‘IEC 
60933–5 Ed. 1.0’’), Audio, video and audio-
visual systems—Interconnections and 
matching values—Part 5: Y/C connector 
for video systems—Electrical matching 
values and description of the connector, 
First Edition, 1992–12; IBR approved for 
§ 430.2. (Note: IEC 933–5 is also known as 
IEC 60933–5.) 

(2) IEC Standard 62087:2011, (‘‘IEC 
62087 Ed. 3.0’’), Methods of measurement 
for the power consumption of audio, 
video, and related equipment, Edition 3.0, 
2011–04, Sections 3.1.1, 3.1.18, 11.4.1, 
11.4.2, 11.4.5, 11.4.6, 11.4.8, 11.4.9, 11.4.10, 
11.4.11, 11.5.5, and annexc.3; IBR ap-
proved for Appendix H to subpart B of 
this part. 

(3) International Electrotechnical 
Commission (IEC) Standard 62301 (‘‘IEC 
62301’’), Household electrical appliances— 
Measurement of standby power (first edi-
tion, June 2005), IBR approved for ap-
pendix F, and appendix I to subpart B. 

(4) IEC 62301 (‘‘IEC 62301’’), Household 
electrical appliances—Measurement of 
standby power, (Edition 2.0, 2011–01), 

IBR approved for appendices C1, D1, D2, 
G, H, I, J2, N, O, P, and X to subpart B. 

(p) U.S. Department of Energy, Office 
of Energy Efficiency and Renewable En-
ergy. Resource Room of the Building 
Technologies Program, 950 L’Enfant 
Plaza SW., 6th Floor, Washington, DC 
20024, 202–586–2945, (Energy Star mate-
rials are also found at http:// 
www.energystar.gov.) 

(1) ITU–R BT.470–6, Conventional Tel-
evision Systems, published November 
1998; IBR approved for § 430.2. 

(2) [Reserved] 
(3) International Efficiency Marking 

Protocol for External Power Supplies, 
Version 3.0, September 2013, IBR ap-
proved for § 430.32. 

(q) NSF International. NSF Inter-
national, P.O. Box 130140, 789 North 
Dixboro Road, Ann Arbor, MI 48113– 
0140, 1–800–673–6275, or go to http:// 
www.nsf.org. 

(1) NSF/ANSI 51–2007 (‘‘NSF/ANSI 
51’’), Food equipment materials, re-
vised and adopted April 2007, IBR ap-
proved for § 430.2. 

(2) [Reserved] 
(r) Optical Society of America. Optical 

Society of America, 2010 Massachusetts 
Ave., NW., Washington, DC 20036–1012, 
202–223–8130, or go to http:// 
www.opticsinfobase.org; 

(1) ‘‘Computation of Correlated Color 
Temperature and Distribution Tem-
perature,’’ A.R. Robertson, Journal of 
the Optical Society of America, Vol-
ume 58, Number 11, November 1968, 
pages 1528–1535, IBR approved for § 430.2. 

(2) [Reserved] 
(s) SMPTE. Society of Motion Picture 

and Television Engineers, 3 Barker 
Ave., 5th Floor, White Plains, NY 10601, 
914–761–1100, or go to http://stand-
ards.smpte.org. 

(1) SMPTE 170M–2004, (‘‘SMPTE 
170M–2004’’), SMPTE Standard for Tele-
vision—Composite Analog Video Signal— 
NTSC for Studio Applications, approved 
November 30, 2004; IBR approved for 
§ 430.2. 

(2) [Reserved] 
(t) U.S. Department of Energy, Office of 

Energy Efficiency and Renewable Energy, 
Resource Room of the Building Tech-
nologies Program, 950 L’Enfant Plaza, 
SW., 6th Floor, Washington, DC 20024, 
202–586–2945, or go to http:// 
www.energystar.gov. 
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(1) ENERGY STAR Program Require-
ments for [Compact Fluorescent 
Lamps] CFLs, Version 3.0, approved Oc-
tober 30, 2003, IBR approved for appen-
dix V to subpart B. 

(2) ENERGY STAR Program Require-
ments for [Compact Fluorescent 
Lamps] CFLs, approved August 9, 2001, 
IBR approved for appendix W to sub-
part B. 

[74 FR 12066, Mar. 23, 2009] 

EDITORIAL NOTE: For FEDERAL REGISTER ci-
tations affecting § 430.3, see the List of CFR 
Sections Affected, which appears in the 
Finding Aids section of the printed volume 
and at www.fdsys.gov. 

EFFECTIVE DATE NOTE: At 79 FR 40567, July 
11, 2014, § 430.3 was amended by redesignating 
paragraphs (h) through (t) as (i) through (u), 
respectively; and adding a new paragraph (h), 
effective July 13, 2015. For the convenience of 
the user, the added text is set forth as fol-
lows: 

§ 430.3 Materials incorporated by reference. 

* * * * * 

(h) ASTM. American Society for Testing 
and Materials International, 100 Barr Harbor 
Drive, P.O. Box C700, West Conshohocken, 
PA 19428–2959 (www.astm.org). 

(1) ASTM D 2156–09 (‘‘ASTM D2156’’), 
Standard Test Method for Smoke Density in 
Flue Gases from Burning Distillate Fuels, 
approved December 1, 2009, IBR approved for 
appendix E to subpart B. 

(2) [Reserved]. 

* * * * * 

§ 430.4 Sources for information and 
guidance. 

(a) General. The standards listed in 
this paragraph are referred to in the 
DOE test procedures and elsewhere in 
this part but are not incorporated by 
reference. These sources are given here 
for information and guidance. 

(b) IESNA. Illuminating Engineering 
Society of North America, 120 Wall 
Street, Floor 17, New York, NY 10005– 
4001, 212–248–5000, or go to http:// 
www.iesna.org. 

(1) Illuminating Engineering Society of 
North America Lighting Handbook, 8th 
Edition, 1993. 

(2) [Reserved] 
(c) IEEE. Institute of Electrical and 

Electronics Engineers, Inc., 3 Park Av-
enue, 17th Floor, New York, NY, 10016– 

5997, 212–419–7900, or go to http:// 
www.ieee.org. 

(1) IEEE 1515–2000, IEEE Rec-
ommended Practice for Electronic 
Power Subsystems: Parameter Defini-
tions, Test Conditions, and Test Meth-
ods, March 30, 2000. 

(2) IEEE 100, Authoritative Dic-
tionary of IEEE Standards Terms, 7th 
Edition, January 1, 2006. 

(d) IEC. International Electro-
technical Commission, available from 
the American National Standards In-
stitute, 11 W. 42nd Street, New York, 
NY 10036, 212–642–4936, or go to http:// 
www.iec.ch. 

(1) IEC 62301, Household electrical ap-
pliances—Measurement of standby 
power, First Edition, June 13, 2005. 

(2) IEC 60050, International Electro-
technical Vocabulary. 

(e) National Voluntary Laboratory 
Accreditation Program, Standards 
Services Division, NIST, 100 Bureau 
Drive, Stop 2140, Gaithersburg, MD 
20899–2140, 301–975–4016, or go to http:// 
ts.nist.gov/standards/accreditation. 

(1) National Voluntary Laboratory 
Accreditation Program Handbook 150– 
01, Energy Efficient Lighting Products, 
Lamps and Luminaires, August 1993. 

(2) [Reserved] 

[74 FR 12066, Mar. 23, 2009] 

Subpart B—Test Procedures 
§ 430.21 Purpose and scope. 

This subpart contains test procedures 
required to be prescribed by DOE pur-
suant to section 323 of the Act. 

§ 430.23 Test procedures for the meas-
urement of energy and water con-
sumption. 

When the test procedures of this sec-
tion call for rounding off of test re-
sults, and the results fall equally be-
tween two values of the nearest dollar, 
kilowatt-hour, or other specified near-
est value, the result shall be rounded 
up to the nearest higher value. 

(a) Refrigerators and refrigerator-freez-
ers. (1) The estimated annual operating 
cost for electric refrigerators and elec-
tric refrigerator-freezers without an 
anti-sweat heater switch shall be the 
product of the following three factors, 
the resulting product then being round-
ed off to the nearest dollar per year: 
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(i) The representative average-use 
cycle of 365 cycles per year; 

(ii) The average per-cycle energy con-
sumption for the standard cycle in kil-
owatt-hours per cycle, determined ac-
cording to 6.2 (6.3.6 for externally vent-
ed units) of appendix A1 of this subpart 
before appendix A becomes mandatory 
and 6.2 (6.3.6 for externally vented 
units) of appendix A of this subpart 
after appendix A becomes mandatory 
(see the note at the beginning of appen-
dix A); and 

(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(2) The estimated annual operating 
cost for electric refrigerators and elec-
tric refrigerator-freezers with an anti- 
sweat heater switch shall be the prod-
uct of the following three factors, the 
resulting product then being rounded 
off to the nearest dollar per year: 

(i) The representative average-use 
cycle of 365 cycles per year; 

(ii) Half the sum of the average per- 
cycle energy consumption for the 
standard cycle and the average per- 
cycle energy consumption for a test 
cycle type with the anti-sweat heater 
switch in the position set at the fac-
tory just before shipping, each in kilo-
watt-hours per cycle, determined ac-
cording to 6.2 (6.3.6 for externally vent-
ed units) of appendix A1 of this subpart 
before appendix A becomes mandatory 
and 6.2 (6.3.6 for externally vented 
units) of appendix A of this subpart 
after appendix A becomes mandatory 
(see the note at the beginning of appen-
dix A); and 

(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(3) The estimated annual operating 
cost for any other specified cycle type 
for electric refrigerators and electric 
refrigerator-freezers shall be the prod-
uct of the following three factors, the 
resulting product then being rounded 
off to the nearest dollar per year: 

(i) The representative average-use 
cycle of 365 cycles per year; 

(ii) The average per-cycle energy con-
sumption for the specified cycle type, 
determined according to 6.2 (6.3.6 for 
externally vented units) of appendix A1 

to this subpart before appendix A be-
comes mandatory and 6.2 (6.3.6 for ex-
ternally vented units) of appendix A of 
this subpart after appendix A becomes 
mandatory (see the note at the begin-
ning of appendix A); and 

(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(4) The energy factor for electric re-
frigerators and electric refrigerator- 
freezers, expressed in cubic feet per kil-
owatt-hour per cycle, shall be: 

(i) For electric refrigerators and elec-
tric refrigerator-freezers without an 
anti-sweat heater switch, the quotient 
of: 

(A) The adjusted total volume in 
cubic feet, determined according to 6.1 
of appendix A1 of this subpart before 
appendix A becomes mandatory and 6.1 
of appendix A of this subpart after ap-
pendix A becomes mandatory (see the 
note at the beginning of appendix A), 
divided by— 

(B) The average per-cycle energy con-
sumption for the standard cycle in kil-
owatt-hours per cycle, determined ac-
cording to 6.2 (6.3.6 for externally vent-
ed units) of appendix A1 of this subpart 
before appendix A becomes mandatory 
and 6.2 (6.3.6 for externally vented 
units) of appendix A of this subpart 
after appendix A becomes mandatory 
(see the note at the beginning of appen-
dix A), the resulting quotient then 
being rounded off to the second dec-
imal place; and 

(ii) For electric refrigerators and 
electric refrigerator-freezers having an 
anti-sweat heater switch, the quotient 
of: 

(A) The adjusted total volume in 
cubic feet, determined according to 6.1 
of appendix A1 of this subpart before 
appendix A becomes mandatory and 6.1 
of appendix A of this subpart after ap-
pendix A becomes mandatory (see the 
note at the beginning of appendix A), 
divided by — 

(B) Half the sum of the average per- 
cycle energy consumption for the 
standard cycle and the average per- 
cycle energy consumption for a test 
cycle type with the anti-sweat heater 
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switch in the position set at the fac-
tory just before shipping, each in kilo-
watt-hours per cycle, determined ac-
cording to 6.2 (6.3.6 for externally vent-
ed units) of appendix A1 of this subpart 
before appendix A becomes mandatory 
and 6.2 (6.3.6 for externally vented 
units) of appendix A of this subpart 
after appendix A becomes mandatory 
(see the note at the beginning of appen-
dix A), the resulting quotient then 
being rounded off to the second dec-
imal place. 

(5) The annual energy use of electric 
refrigerators and electric refrigerator- 
freezers, expressed in kilowatt-hours 
per year, shall be the following, round-
ed to the nearest kilowatt-hour per 
year: 

(i) For electric refrigerators and elec-
tric refrigerator-freezers without an 
anti-sweat heater switch, the rep-
resentative average use cycle of 365 cy-
cles per year multiplied by the average 
per-cycle energy consumption for the 
standard cycle in kilowatt-hours per 
cycle, determined according to 6.2 (6.3.6 
for externally vented units) of appendix 
A1 of this subpart before appendix A 
becomes mandatory and 6.2 (6.3.6 for 
externally vented units) of appendix A 
of this subpart after appendix A be-
comes mandatory (see the note at the 
beginning of appendix A), and 

(ii) For electric refrigerators and 
electric refrigerator-freezers having an 
anti-sweat heater switch, the rep-
resentative average use cycle of 365 cy-
cles per year multiplied by half the 
sum of the average per-cycle energy 
consumption for the standard cycle and 
the average per-cycle energy consump-
tion for a test cycle type with the anti- 
sweat heater switch in the position set 
at the factory just before shipping, 
each in kilowatt-hours per cycle, deter-
mined according to 6.2 (6.3.6 for exter-
nally vented units) of appendix A1 of 
this subpart before appendix A becomes 
mandatory and 6.2 (6.3.6 for externally 
vented units) of appendix A of this sub-
part after appendix A becomes manda-
tory (see the note at the beginning of 
appendix A). 

(6) Other useful measures of energy 
consumption for electric refrigerators 
and electric refrigerator-freezers shall 
be those measures of energy consump-
tion for electric refrigerators and elec-

tric refrigerator-freezers that the Sec-
retary determines are likely to assist 
consumers in making purchasing deci-
sions which are derived from the appli-
cation of appendix A1 of this subpart 
before appendix A becomes mandatory 
appendix A of this subpart after appen-
dix A becomes mandatory (see the note 
at the beginning of appendix A). 

(7) The estimated regional annual op-
erating cost for externally vented elec-
tric refrigerators and externally vented 
electric refrigerator-freezers without 
an anti-sweat heater switch shall be 
the product of the following three fac-
tors, the resulting product then being 
rounded off to the nearest dollar per 
year: 

(i) The representative average-use 
cycle of 365 cycles per year, 

(ii) The regional average per-cycle 
energy consumption for the standard 
cycle in kilowatt-hours per cycle, de-
termined according to 6.3.7 of appendix 
A1 of this subpart before appendix A 
becomes mandatory and 6.3.7 of appen-
dix A of this subpart after appendix A 
becomes mandatory (see the note at 
the beginning of appendix A); and 

(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(8) The estimated regional annual op-
erating cost for externally vented elec-
tric refrigerators and externally vented 
electric refrigerator-freezers with an 
anti-sweat heater switch shall be the 
product of the following three factors, 
the resulting product then being round-
ed off to the nearest dollar per year: 

(i) The representative average-use 
cycle of 365 cycles per year; 

(ii) Half the sum of the average per- 
cycle energy consumption for the 
standard cycle and the regional aver-
age per-cycle energy consumption for a 
test cycle with the anti-sweat heater 
switch in the position set at the fac-
tory just before shipping, each in kilo-
watt-hours per cycle, determined ac-
cording to 6.3.7 of appendix A1 of this 
subpart before appendix A becomes 
mandatory and 6.3.7 of appendix A of 
this subpart after appendix A becomes 
mandatory (see the note at the begin-
ning of appendix A); and 
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(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(9) The estimated regional annual op-
erating cost for any other specified 
cycle for externally vented electric re-
frigerators and externally vented elec-
tric refrigerator-freezers shall be the 
product of the following three factors, 
the resulting product then being round-
ed off to the nearest dollar per year: 

(i) The representative average-use 
cycle of 365 cycles per year; 

(ii) The regional average per-cycle 
energy consumption for the specified 
cycle, in kilowatt-hours per cycle, de-
termined according to 6.3.7 of appendix 
A1 of this subpart before appendix A 
becomes mandatory and 6.3.7 of appen-
dix A of this subpart after appendix A 
becomes mandatory (see the note at 
the beginning of appendix A); and 

(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(10) The following principles of inter-
pretation should be applied to the test 
procedure. The intent of the energy 
test procedure is to simulate typical 
room conditions (approximately 70 °F 
(21 °C)) with door openings by testing 
at 90 °F (32.2 °C) without door openings. 
Except for operating characteristics 
that are affected by ambient tempera-
ture (for example, compressor percent 
run time), the unit, when tested under 
this test procedure, shall operate in a 
manner equivalent to the unit in typ-
ical room conditions. 

(i) The energy used by the unit shall 
be calculated when a calculation is 
provided by the test procedure. Energy 
consuming components that operate in 
typical room conditions (including as a 
result of door openings, or a function of 
humidity), and that are not exempted 
by this test procedure, shall operate in 
an equivalent manner during energy 
testing under this test procedure, or be 
accounted for by all calculations as 
provided for in the test procedure. Ex-
amples: 

(A) Energy saving features that are 
designed to operate when there are no 
door openings for long periods of time 
shall not be functional during the en-
ergy test. 

(B) The defrost heater shall neither 
function nor turn off differently during 
the energy test than it would when in 
typical room conditions. Also, the 
product shall not recover differently 
during the defrost recovery period than 
it would in typical room conditions. 

(C) Electric heaters that would nor-
mally operate at typical room condi-
tions with door openings shall also op-
erate during the energy test. 

(D) Energy used during adaptive de-
frost shall continue to be tested and 
adjusted per the calculation provided 
for in this test procedure. 

(ii) DOE recognizes that there may be 
situations that the test procedures do 
not completely address. In such cases, 
a manufacturer must obtain a waiver 
in accordance with the relevant provi-
sions of 10 CFR part 430 if: 

(A) A product contains energy con-
suming components that operate dif-
ferently during the prescribed testing 
than they would during representative 
average consumer use and 

(B) Applying the prescribed test to 
that product would evaluate it in a 
manner that is unrepresentative of its 
true energy consumption (thereby pro-
viding materially inaccurate compara-
tive data). 

(b) Freezers. (1) The estimated annual 
operating cost for freezers without an 
anti-sweat heater switch shall be the 
product of the following three factors, 
the resulting product then being round-
ed off to the nearest dollar per year: 

(i) The representative average-use 
cycle of 365 cycles per year; 

(ii) The average per-cycle energy con-
sumption for the standard cycle in kil-
owatt-hours per cycle, determined ac-
cording to 6.2 of appendix B1 of this 
subpart before appendix B becomes 
mandatory and 6.2 of appendix B of this 
subpart after appendix B becomes man-
datory (see the note at the beginning of 
appendix B); and 

(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(2) The estimated annual operating 
cost for freezers with an anti-sweat 
heater switch shall be the product of 
the following three factors, the result-
ing product then being rounded off to 
the nearest dollar per year: 
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(i) The representative average-use 
cycle of 365 cycles per year; 

(ii) Half the sum of the average per- 
cycle energy consumption for the 
standard cycle and the average per- 
cycle energy consumption for a test 
cycle type with the anti-sweat heater 
switch in the position set at the fac-
tory just before shipping, each in kilo-
watt-hours per cycle, determined ac-
cording to 6.2 of appendix B1 of this 
subpart before appendix B becomes 
mandatory and 6.2 of appendix B of this 
subpart after appendix B becomes man-
datory (see the note at the beginning of 
appendix B); and 

(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(3) The estimated annual operating 
cost for any other specified cycle type 
for freezers shall be the product of the 
following three factors, the resulting 
product then being rounded off to the 
nearest dollar per year: 

(i) The representative average-use 
cycle of 365 cycles per year; 

(ii) The average per-cycle energy con-
sumption for the specified cycle type, 
determined according to 6.2 of appendix 
B1 of this subpart before appendix B be-
comes mandatory and 6.2 of appendix B 
of this subpart after appendix B be-
comes mandatory (see the note at the 
beginning of appendix B); and 

(iii) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided by the Sec-
retary. 

(4) The energy factor for freezers, ex-
pressed in cubic feet per kilowatt-hour 
per cycle, shall be: 

(i) For freezers not having an anti- 
sweat heater switch, the quotient of: 

(A) The adjusted net refrigerated vol-
ume in cubic feet, determined accord-
ing to 6.1 of appendix B1 of this subpart 
before appendix B becomes mandatory 
and 6.1 of appendix B of this subpart 
after appendix B becomes mandatory 
(see the note at the beginning of appen-
dix B), divided by— 

(B) The average per-cycle energy con-
sumption for the standard cycle in kil-
owatt-hours per cycle, determined ac-
cording to 6.2 of appendix B1 of this 
subpart before appendix B becomes 
mandatory and 6.2 of appendix B of this 

subpart after appendix B becomes man-
datory (see the note at the beginning of 
appendix B), the resulting quotient 
then being rounded off to the second 
decimal place; and 

(ii) For freezers having an anti-sweat 
heater switch, the quotient of: 

(A) The adjusted net refrigerated vol-
ume in cubic feet, determined accord-
ing to 6.1 of appendix B1 of this subpart 
before appendix B becomes mandatory 
and 6.1 of appendix B of this subpart 
after appendix B becomes mandatory 
(see the note at the beginning of appen-
dix B), divided by— 

(B) Half the sum of the average per- 
cycle energy consumption for the 
standard cycle and the average per- 
cycle energy consumption for a test 
cycle type with the anti-sweat heater 
switch in the position set at the fac-
tory just before shipping, each in kilo-
watt-hours per cycle, determined ac-
cording to 6.2 of appendix B1 of this 
subpart before appendix B becomes 
mandatory and 6.2 of appendix B of this 
subpart after appendix B becomes man-
datory (see the note at the beginning of 
appendix B), the resulting quotient 
then being rounded off to the second 
decimal place. 

(5) The annual energy use of all freez-
ers, expressed in kilowatt-hours per 
year, shall be the following, rounded to 
the nearest kilowatt-hour per year: 

(i) For freezers not having an anti- 
sweat heater switch, the representative 
average use cycle of 365 cycles per year 
multiplied by the average per-cycle en-
ergy consumption for the standard 
cycle in kilowatt-hours per cycle, de-
termined according to 6.2 of appendix 
B1 of this subpart before appendix B be-
comes mandatory and 6.2 of appendix B 
of this subpart after appendix B be-
comes mandatory (see the note at the 
beginning of appendix B), and 

(ii) For freezers having an anti-sweat 
heater switch, the representative aver-
age use cycle of 365 cycles per year 
multiplied by half the sum of the aver-
age per-cycle energy consumption for 
the standard cycle and the average per- 
cycle energy consumption for a test 
cycle type with the anti-sweat heater 
switch in the position set at the fac-
tory just before shipping, each in kilo-
watt-hours per cycle, determined ac-
cording to 6.2 of appendix B1 of this 
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subpart before appendix B becomes 
mandatory and 6.2 of appendix B of this 
subpart after appendix B becomes man-
datory (see the note at the beginning of 
appendix B). 

(6) Other useful measures of energy 
consumption for freezers shall be those 
measures the Secretary determines are 
likely to assist consumers in making 
purchasing decisions and are derived 
from the application of appendix B1 of 
this subpart before appendix B becomes 
mandatory and appendix B of this sub-
part after appendix B becomes manda-
tory (see the note at the beginning of 
appendix B). 

(7) The following principles of inter-
pretation should be applied to the test 
procedure. The intent of the energy 
test procedure is to simulate typical 
room conditions (approximately 70 °F 
(21 °C)) with door openings by testing 
at 90 °F (32.2 °C) without door openings. 
Except for operating characteristics 
that are affected by ambient tempera-
ture (for example, compressor percent 
run time), the unit, when tested under 
this test procedure, shall operate in a 
manner equivalent to the unit in typ-
ical room conditions. 

(i) The energy used by the unit shall 
be calculated when a calculation is 
provided by the test procedure. Energy 
consuming components that operate in 
typical room conditions (including as a 
result of door openings, or a function of 
humidity), and that are not exempted 
by this test procedure, shall operate in 
an equivalent manner during energy 
testing under this test procedure, or be 
accounted for by all calculations as 
provided for in the test procedure. Ex-
amples: 

(A) Energy saving features that are 
designed to operate when there are no 
door openings for long periods of time 
shall not be functional during the en-
ergy test. 

(B) The defrost heater shall neither 
function nor turn off differently during 
the energy test than it would when in 
typical room conditions. Also, the 
product shall not recover differently 
during the defrost recovery period than 
it would in typical room conditions. 

(C) Electric heaters that would nor-
mally operate at typical room condi-
tions with door openings shall also op-
erate during the energy test. 

(D) Energy used during adaptive de-
frost shall continue to be tested and 
adjusted per the calculation provided 
for in this test procedure. 

(ii) DOE recognizes that there may be 
situations that the test procedures do 
not completely address. In such cases, 
a manufacturer must obtain a waiver 
in accordance with the relevant provi-
sions of 10 CFR part 430 if: 

(A) A product contains energy con-
suming components that operate dif-
ferently during the prescribed testing 
than they would during representative 
average consumer use and 

(B) Applying the prescribed test to 
that product would evaluate it in a 
manner that is unrepresentative of its 
true energy consumption (thereby pro-
viding materially inaccurate compara-
tive data). 

(c) Dishwashers. (1) The Estimated 
Annual Operating Cost (EAOC) for 
dishwashers must be rounded to the 
nearest dollar per year and is defined 
as follows: 

(i) When cold water (50 °F) is used, 
(A) When using appendix C (see the 

note at the beginning of appendix C), 
for dishwashers having a truncated 
normal cycle as defined in section 1.15 
of appendix C to this subpart, EAOC = 
(De × S) + (De × N × (M¥(ED/2))). 

(B) When using appendix C1 (see the 
note at the beginning of appendix C1), 
for dishwashers having a truncated 
normal cycle as defined in section 1.22 
of appendix C1 to this subpart, EAOC = 
(De × ETLP) + (De × N × (M + MWS + 
EF¥(ED/2))). 

(C) When using appendix C (see the 
note at the beginning of appendix C), 
for dishwashers not having a truncated 
normal cycle, EAOC = (De × S) + (De × 
N × M). 

(D) When using appendix C1 (see the 
note at the beginning of appendix C1), 
for dishwashers not having a truncated 
normal cycle, EAOC = (De × ETLP) + (De 
× N × (M + MWS + EF)). 

Where, 
De = the representative average unit cost of 

electrical energy, in dollars per kilowatt- 
hour, as provided by the Secretary, 

S = the estimated annual standby energy 
consumption in kilowatt-hours per year 
and determined according to section 5.6 
of appendix C to this subpart, 

ETLP = the annual combined low-power mode 
energy consumption in kilowatt-hours 
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per year and determined according to 
section 5.7 of appendix C1 to this subpart, 

N = the representative average dishwasher 
use of 215 cycles per year, 

M = the machine energy consumption per 
cycle for the normal cycle, as defined in 
section 1.6 of appendix C to this subpart, 
in kilowatt-hours and determined ac-
cording to section 5.1 of appendix C to 
this subpart when using appendix C (see 
the note at the beginning of appendix C); 
the normal cycle is defined in section 1.12 
of appendix C1 to this subpart, and the 
machine energy consumption per cycle 
in kilowatt-hours must be determined 
according to section 5.1.1 of appendix C1 
to this subpart for non-soil-sensing dish-
washers and section 5.1.2 of appendix C1 
to this subpart for soil-sensing dish-
washers when using appendix C1 (see the 
note at the beginning of appendix C1), 

MWS = the machine energy consumption per 
cycle for water softener regeneration, in 
kilowatt-hours and determined according 
to section 5.1.3 of appendix C1 to this 
subpart, 

EF = the fan-only mode energy consumption 
per cycle, in kilowatt-hours and deter-
mined according to section 5.2 of appen-
dix C1 to this subpart, and 

ED = the drying energy consumption, in kilo-
watt-hours and defined as energy con-
sumed using the power-dry feature after 
the termination of the last rinse option 
of the normal cycle; ED is determined ac-
cording to section 5.2 of appendix C to 
this subpart when using appendix C (see 
the note at the beginning of appendix C), 
and determined according to section 5.3 
of appendix C1 to this subpart when using 
appendix C1 (see the note at the begin-
ning of appendix C1), 

(E) Manufacturers calculating EAOC 
pursuant to paragraph (c)(1)(i)(A) of 
this section should calculate EAEU 
pursuant to paragraph (c)(2)(i)(A) of 
this section. Manufacturers calculating 
EAOC pursuant to paragraphs 
(c)(1)(i)(B) of this section should cal-
culate EAEU pursuant to paragraph 
(c)(2)(i)(B) of this section. Manufactur-
ers calculating EAOC pursuant to para-
graph (c)(1)(i)(C) of this section should 
calculate EAEU pursuant to paragraph 
(c)(2)(ii)(A) of this section. Manufactur-
ers calculating EAOC pursuant to para-
graph (c)(1)(i)(D) of this section should 
calculate EAEU pursuant to paragraph 
(c)(2)(ii)(B) of this section. 

(ii) When electrically-heated water 
(120 °F or 140 °F) is used, 

(A) When using appendix C (see the 
note at the beginning of appendix C), 
for dishwashers having a truncated 

normal cycle as defined in section 1.15 
of appendix C to this subpart, EAOC = 
(De × S) + (De × N × (M¥(ED/2))) + (De × 
N × W). 

(B) When using appendix C1 (see the 
note at the beginning of appendix C1), 
for dishwashers having a truncated 
normal cycle as defined in section 1.22 
of appendix C1 to this subpart, EAOC = 
(De × ETLP) + (De × N × (M + MWS + 
EF¥(ED/2))) + (De × N × (W + WWS)). 

(C) When using appendix C (see the 
note at the beginning of appendix C), 
for dishwashers not having a truncated 
normal cycle, EAOC = (De × S) + (De × 
N × M) + (De × N × W). 

(D) When using appendix C1 (see the 
note at the beginning of appendix C1), 
for dishwashers not having a truncated 
normal cycle, EAOC = (De × ETLP) + (De 
× N × (M + MWS + EF)) + (De × N × (W + 
WWS)). 

Where, 
De, S, ETLP, N, M, MWS, EF, and ED, are defined 

in paragraph (c)(1)(i) of this section, 
W = the water energy consumption per cycle 

for the normal cycle as defined in section 
1.6 of appendix C to this subpart, in kilo-
watt-hours and determined according to 
section 5.4 of appendix C to this subpart 
when using appendix C (see the note at 
the beginning of appendix C); when using 
appendix C1 (see the note at the begin-
ning of appendix C1), the normal cycle is 
as defined in section 1.12 of appendix C1 
to this subpart, and the water energy 
consumption per cycle in kilowatt-hours 
is determined according to section 5.5.1.1 
of appendix C1 to this subpart for dish-
washers that operate with a nominal 140 
°F inlet water temperature and section 
5.5.2.1 of appendix C1 to this subpart for 
dishwashers that operate with a nominal 
inlet water temperature of 120 °F, and 

WWS = the water softener regeneration water 
energy consumption per cycle in kilo-
watt-hours and determined according to 
section 5.5.1.2 of appendix C1 to this sub-
part for dishwashers that operate with a 
nominal 140 °F inlet water temperature 
and section 5.5.2.2 of appendix C1 to this 
subpart for dishwashers that operate 
with a nominal inlet water temperature 
of 120 °F. 

(E) Manufacturers calculating EAOC 
pursuant to paragraph (c)(1)(ii)(A) of 
this section should calculate EAEU 
pursuant to paragraph (c)(2)(i)(A) of 
this section. Manufacturers calculating 
EAOC pursuant to paragraphs 
(c)(1)(ii)(B) of this section should cal-
culate EAEU pursuant to paragraph 
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(c)(2)(i)(B) of this section. Manufactur-
ers calculating EAOC pursuant to para-
graph (c)(1)(ii)(C) of this section should 
calculate EAEU pursuant to paragraph 
(c)(2)(ii)(A) of this section. Manufactur-
ers calculating EAOC pursuant to para-
graph (c)(1)(ii)(D) of this section should 
calculate EAEU pursuant to paragraph 
(c)(2)(ii)(B) of this section. 

(iii) When gas-heated or oil-heated 
water is used, 

(A) When using appendix C (see the 
note at the beginning of appendix C), 
for dishwashers having a truncated 
normal cycle as defined in section 1.15 
of appendix C to this subpart, EAOCg = 
(De × S) + (De × N × (M¥(ED/2))) + (Dg × 
N × Wg). 

(B) When using appendix C1 (see the 
note at the beginning of appendix C1), 
for dishwashers having a truncated 
normal cycle as defined in section 1.22 
of appendix C1 to this subpart, EAOCg = 
(De × ETLP) + (De × N × (M + MWS + 
EF¥(ED/2))) + (Dg × N × (Wg + WWSg)). 

(C) When using appendix C (see the 
note at the beginning of appendix C), 
for dishwashers not having a truncated 
normal cycle, EAOCg = (De × S) + (De × 
N × M) + (Dg × N × Wg). 

(D) When using appendix C1 (see the 
note at the beginning of appendix C1), 
for dishwashers not having a truncated 
normal cycle, EAOCg = (De × ETLP) + (De 
× N × (M + MWS + EF)) + (Dg × N × (Wg 
+ WWSg)). 

Where, 

De, S, ETLP, N, M, MWS, EF, and ED are defined 
in paragraph (c)(1)(i) of this section, 

Dg = the representative average unit cost of 
gas or oil, as appropriate, in dollars per 
Btu, as provided by the Secretary, 

Wg = the water energy consumption per cycle 
for the normal cycle as defined in section 
1.6 of appendix C to this subpart, in Btus 
and determined according to section 5.5 
of appendix C to this subpart when using 
appendix C (see the note at the beginning 
of appendix C); when using appendix C1 
(see the note at the beginning of appen-
dix C1), the normal cycle is as defined in 
section 1.12 of appendix C1 to this sub-
part, and the water energy consumption 
per cycle in Btus is determined according 
to section 5.6.1.1 of appendix C1 to this 
subpart for dishwashers that operate 
with a nominal 140 °F inlet water tem-
perature and section 5.6.2.1 of appendix 
C1 to this subpart for dishwashers that 
operate with a nominal inlet water tem-
perature of 120 °F and 

WWSg = the water softener regeneration en-
ergy consumption per cycle in Btu per 
cycle and determined according to sec-
tion 5.6.1.2 of appendix C1 to this subpart 
for dishwashers that operate with a 
nominal 140 °F inlet water temperature 
and section 5.6.2.2 of appendix C1 to this 
subpart for dishwashers that operate 
with a nominal inlet water temperature 
of 120 °F. 

(E) Manufacturers calculating EAOC 
pursuant to paragraph (c)(1)(iii)(A) of 
this section should calculate EAEU 
pursuant to paragraph (c)(2)(i)(A) of 
this section. Manufacturers calculating 
EAOC pursuant to paragraphs 
(c)(1)(iii)(B) of this section should cal-
culate EAEU pursuant to paragraph 
(c)(2)(i)(B) of this section. Manufactur-
ers calculating EAOC pursuant to para-
graph (c)(1)(iii)(C) of this section 
should calculate EAEU pursuant to 
paragraph (c)(2)(ii)(A) of this section. 
Manufacturers calculating EAOC pur-
suant to paragraph (c)(1)(iii)(D) of this 
section should calculate EAEU pursu-
ant to paragraph (c)(2)(ii)(B) of this 
section. 

(2) The estimated annual energy use, 
EAEU, expressed in kilowatt-hours per 
year must be rounded to the nearest 
kilowatt-hour per year and is defined 
as follows: 

(i) When using appendix C (see the 
note at the beginning of appendix C), 
for dishwashers having a truncated 
normal cycle as defined in section 1.15 
of appendix C to this subpart and when 
using appendix C1 (see the note at the 
beginning of appendix C), as defined in 
section 1.22 of appendix C1 to this sub-
part, 

(A) EAEU = (M¥(ED/2) + W) × N + S 
may be used for units manufactured: 

(1) Before April 29, 2013 to make rep-
resentations of energy efficiency; and 

(2) Before the compliance date of any 
amended standards to demonstrate 
compliance. 

(B) EAEU = (M + MWS + EF¥(ED/2) + 
W + WWS) × N + (ETLP) must be used for 
units manufactured: 

(1) On or after April 29, 2013 to make 
representations of energy efficiency; 
and 

(2) On or after the compliance date of 
any amended standards to demonstrate 
compliance. 

Where, 
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M, MWS, S, ED, N, EF, and ETLP are defined in 
paragraph (c)(1)(i) of this section, and W 
and WWS, are defined in paragraph 
(c)(1)(ii) of this section. 

(C) Manufacturers calculating EAEU 
pursuant to paragraph (c)(2)(i)(A) of 
this section should calculate EAOC 
pursuant to paragraph (c)(1)(i)(A), 
(c)(1)(ii)(A), or (c)(1)(iii)(A) of this sec-
tion, as appropriate. Manufacturers 
calculating EAEU pursuant to para-
graph (c)(2)(i)(B) of this section should 
calculate EAOC pursuant to paragraph 
(c)(1)(i)(B), (c)(1)(ii)(B), or (c)(1)(iii)(B) 
of this section, as appropriate. 

(ii) For dishwashers not having a 
truncated normal cycle: 

(A) EAEU = (M + W) × N + S may be 
used for units manufactured: 

(1) Before April 29, 2013 to make rep-
resentations of energy efficiency; and 

(2) Before the compliance date of any 
amended standards to demonstrate 
compliance. 

(B) EAEU = (M + MWS + EF + W + 
WWS) × N + ETLP must be used for units 
manufactured: 

(1) On or after April 29, 2013 to make 
representations of energy efficiency; 
and 

(2) On or after the compliance date of 
any amended standards to demonstrate 
compliance. 

Where, 
M, MWS, S, N, EF, and ETLP are defined in 

paragraph (c)(1)(i) of this section, and W 
and WWS are defined in paragraph 
(c)(1)(ii) of this section. 

(C) Manufacturers calculating EAEU 
pursuant to paragraph (c)(2)(ii)(A) of 
this section should calculate EAOC 
pursuant to paragraph (c)(1)(i)(C), 
(c)(1)(ii)(C), or (c)(1)(iii)(C) of this sec-
tion, as appropriate. Manufacturers 
calculating EAEU pursuant to para-
graph (c)(2)(ii)(B) of this section should 
calculate EAOC pursuant to paragraph 
(c)(1)(i)(D), (c)(1)(ii)(D), or (c)(1)(iii)(D) 
of this section, as appropriate. 

(3) When using appendix C (see the 
note at the beginning of appendix C), 
the water consumption, V, expressed in 
gallons per cycle and defined in section 
5.3 of appendix C to this subpart, and 
when using appendix C1 (see the note 
at the beginning of appendix C1), water 
consumption, V, and the sum of the 
water consumption, V, and the water 
consumption during water softener re-

generation, VWS, expressed in gallons 
per cycle and defined in section 5.4 of 
appendix C1 to this subpart, must be 
rounded to one decimal place. 

(i) Water consumption, V, may be 
measured for units manufactured: 

(A) Before April 29, 2013 to make rep-
resentations of energy efficiency; and 

(B) Before the compliance date of any 
amended standards to demonstrate 
compliance. 

(ii) Manufacturers calculating water 
consumption pursuant to paragraph 
(c)(3)(i) of this section should calculate 
EAOC as described in paragraph 
(c)(1)(i)(A), (c)(1)(i)(C), (c)(1)(ii)(A), 
(c)(1)(ii)(C), (c)(1)(iii)(A), or (c)(1)(iii)(C) 
of this section, as appropriate. Manu-
facturers calculating water consump-
tion pursuant to paragraph (c)(3)(i) of 
this section should calculate EAEU as 
described in paragraph (c)(2)(i)(A) or 
(c)(2)(ii)(A) of this section, as appro-
priate. 

(iii) The sum of the water consump-
tion, V, and the water consumption 
during water softener regeneration, 
VWS, must be measured for units manu-
factured: 

(A) On or after April 29, 2013 to make 
representations of energy efficiency; 
and 

(B) On or after the compliance date 
of any amended standards to dem-
onstrate compliance. 

(C) Manufacturers calculating water 
consumption pursuant to paragraph 
(c)(3)(iii) of this section should cal-
culate EAOC as described in paragraph 
(c)(1)(i)(B), (c)(1)(i)(D), (c)(1)(ii)(B), 
(c)(1)(ii)(D), (c)(1)(iii)(B), or 
(c)(1)(iii)(D) of this section, as appro-
priate. Manufacturers calculating 
water consumption pursuant to para-
graph (c)(3)(iii) of this section should 
calculate EAEU as described in para-
graph (c)(2)(i)(B) or (c)(2)(ii)(B) of this 
section, as appropriate. 

(4) Other useful measures of energy 
consumption for dishwashers are those 
which the Secretary determines are 
likely to assist consumers in making 
purchasing decisions and which are de-
rived from the application of appendix 
C and appendix C1 to this subpart. 

(d) Clothes dryers. (1) The estimated 
annual operating cost for clothes dry-
ers shall be— 
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(i) For an electric clothes dryer, the 
product of the following three factors: 

(A) The representative average-use 
cycle of 283 cycles per year, 

(B) The per-cycle combined total en-
ergy consumption in kilowatt-hours 
per-cycle, determined according to 4.6 
of appendix D1 to this subpart, and 

(C) The representative average unit 
cost of electrical energy in dollars per 
kilowatt-hour as provided by the Sec-
retary, the resulting product then 
being rounded off to the nearest dollar 
per year, and 

(ii) For a gas clothes dryer, the prod-
uct of the representative average-use 
cycle of 283 cycles per year times the 
sum of: 

(A) The product of the per-cycle gas 
dryer electric energy consumption in 
kilowatt-hours per cycle, determined 
according to 4.2 of appendix D1 to this 
subpart, times the representative aver-
age unit cost of electrical energy in 
dollars per kilowatt-hour as provided 
by the Secretary plus, 

(B) The product of the per-cycle gas 
dryer gas energy consumption, in Btus 
per cycle, determined according to 4.3 
of appendix D1 to this subpart, times 
the representative average unit cost 
for natural gas or propane, as appro-
priate, in dollars per Btu as provided 
by the Secretary, the resulting product 
then being rounded off to the nearest 
dollar per year plus, 

(C) The product of the per-cycle 
standby mode and off mode energy con-
sumption in kilowatt-hours per cycle, 
determined according to 4.5 of appendix 
D1 to this subpart, times the represent-
ative average unit cost of electrical en-
ergy in dollars per kilowatt-hour as 
provided by the Secretary. 

(2) The energy factor, expressed in 
pounds of clothes per kilowatt-hour, 
for clothes dryers shall be either the 
quotient of a 3-pound bone-dry test 
load for compact dryers, as defined by 
2.7.1 of appendix D to this subpart be-
fore the date that appendix D1 becomes 
mandatory, or the quotient of a 7- 
pound bone-dry test load for standard 
dryers, as defined by 2.7.2 of appendix D 
to this subpart before the date that ap-
pendix D1 becomes mandatory, as ap-
plicable, divided by the clothes dryer 
energy consumption per cycle, as de-
termined according to 4.1 for electric 

clothes dryers and 4.6 for gas clothes 
dryers of appendix D to this subpart be-
fore the date that appendix D1 becomes 
mandatory, the resulting quotient then 
being rounded off to the nearest hun-
dredth (.01). Upon the date that appen-
dix D1 to this subpart becomes manda-
tory, the energy factor is determined 
in accordance with 4.7 of appendix D1, 
the result then being rounded off to the 
nearest hundredth (.01). 

(3) Upon the date that appendix D1 to 
this subpart becomes mandatory, the 
combined energy factor is determined 
in accordance with 4.8 of appendix D1, 
the result then being rounded off to the 
nearest hundredth (.01). 

(4) Other useful measures of energy 
consumption for clothes dryers shall be 
those measures of energy consumption 
for clothes dryers which the Secretary 
determines are likely to assist con-
sumers in making purchasing decisions 
and which are derived from the appli-
cation of appendix D to this subpart be-
fore the date that appendix D1 becomes 
mandatory and appendix D1 upon the 
date that appendix D1 to this subpart 
becomes mandatory. 

(e) Water Heaters. (1) The estimated 
annual operating cost for water heaters 
shall be— 

(i) For a gas or oil water heater, the 
product of the annual energy consump-
tion, determined according to section 
6.1.8 or 6.2.5 of appendix E of this sub-
part, times the representative average 
unit cost of gas or oil, as appropriate, 
in dollars per Btu as provided by the 
Secretary, the resulting product then 
being rounded off to the nearest dollar 
per year. 

(ii) For an electric water heater, the 
product of the annual energy consump-
tion, determined according to section 
6.1.8 or 6.2.5 of appendix E of this sub-
part, times the representative average 
unit cost of electricity in dollars per 
kilowatt-hour as provided by the Sec-
retary, divided by 3412 Btu per kilo-
watt-hour, the resulting quotient then 
being rounded off to the nearest dollar 
per year. 

(2) The energy factor for the water 
heaters shall be— 

(i) For a gas or oil water heater, as 
determined by section 6.1.7 or 6.2.4 of 
appendix E of this subpart rounded off 
to the nearest 0.01. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00272 Fmt 8010 Sfmt 8010 Q:\10\10V3.TXT 31



263 

Department of Energy § 430.23 

(ii) For an electric water heater, as 
determined by section 6.1.7 or 6.2.4 of 
appendix E of this subpart rounded off 
to the nearest 0.01. 

(3) Other useful measures of energy 
consumption for water heaters shall be 
those measures of energy consumption 
for water heaters which the Secretary 
determines are likely to assist con-
sumers in making purchasing decisions 
and which are derived from the appli-
cation of appendix E of this subpart. 

(4) The alternative uniform test 
method for measuring the energy con-
sumption of untested water heaters 
shall be that set forth in section 7.0 of 
appendix E of this subpart. 

(f) Room air conditioners. (1) The esti-
mated annual operating cost for room 
air conditioners, expressed in dollars 
per year, shall be determined by multi-
plying the following three factors: 

(i) The combined annual energy con-
sumption for room air conditioners, ex-
pressed in kilowatt-hours per year, as 
determined in accordance with para-
graph (f)(4) of this section, and 

(ii) A representative average unit 
cost of electrical energy in dollars per 
kilowatt-hour as provided by the Sec-
retary, the resulting product then 
being rounded off to the nearest dollar 
per year. 

(2) The energy efficiency ratio for 
room air conditioners, expressed in 
Btus per watt-hour, shall be the 
quotient of: 

(i) The cooling capacity in Btus per 
hour as determined in accordance with 
5.1 of appendix F to this subpart di-
vided by: 

(ii) The electrical input power in 
watts as determined in accordance 
with 5.2 of appendix F to this subpart, 
the resulting quotient then being 
rounded off to the nearest 0.1 Btu per 
watt-hour. 

(3) The average annual energy con-
sumption for room air conditioners, ex-
pressed in kilowatt-hours per year, 
shall be determined by multiplying to-
gether the following two factors: 

(i) Electrical input power in kilo-
watts as determined in accordance 
with 5.2 of appendix F to this subpart, 
and 

(ii) The representative average-use 
cycle of 750 hours of compressor oper-
ation per year, the resulting product 

then being rounded off to the nearest 
kilowatt-hour per year. 

(4) The combined annual energy con-
sumption for room air conditioners, ex-
pressed in kilowatt-hours per year, 
shall be the sum of: 

(i) The average annual energy con-
sumption as determined in accordance 
with paragraph (f)(4) of this section, 
and 

(ii) The standby mode and off mode 
energy consumption, as determined in 
accordance with 5.3 of appendix F to 
this subpart, the resulting sum then 
being rounded off to the nearest kilo-
watt-hour per year. 

(5) The combined energy efficiency 
ratio for room air conditioners, ex-
pressed in Btu’s per watt-hour, shall be 
the quotient of: 

(i) The cooling capacity in Btus per 
hour as determined in accordance with 
5.1 of appendix F to this subpart multi-
plied by the representative average-use 
cycle of 750 hours of compressor oper-
ation per year, divided by 

(ii) The combined annual energy con-
sumption as determined in accordance 
with paragraph (f)(4) of this section 
multiplied by a conversion factor of 
1,000 to convert kilowatt-hours to 
watt-hours, the resulting quotient then 
being rounded off to the nearest 0.1 Btu 
per watt-hour. 

(g) Unvented home heating equipment. 
(1) The estimated annual operating 
cost for primary electric heaters, shall 
be the product of: (i) The average an-
nual electric energy consumption in 
kilowatt-hours per year, determined 
according to section 3.1 of appendix G 
of this subpart and (ii) the representa-
tive average unit cost in dollars per 
kilowatt-hour as provided pursuant to 
section 323(b)(2) of the Act, the result-
ing product then being rounded off to 
the nearest dollar per year. 

(2) The estimated regional annual op-
erating cost for primary electric heat-
ers, shall be the product of: (i) The re-
gional annual electric energy consump-
tion in kilowatt-hours per year for pri-
mary heaters determined according to 
section 3.2 of appendix G of this sub-
part and (ii) the representative average 
unit cost in dollars per kilowatt-hour 
as provided pursuant to section 
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323(b)(2) of the Act, the resulting prod-
uct then being rounded off to the near-
est dollar per year. 

(3) The estimated operating cost per 
million Btu output shall be— 

(i) For primary and supplementary 
electric heaters and unvented gas and 
oil heaters without an auxiliary elec-
tric system, the product of: (A) One 
million; and (B) the representative unit 
cost in dollars per Btu for natural gas, 
propane, or oil, as provided pursuant to 
section 323(b)(2) of the Act as appro-
priate, or the quotient of the represent-
ative unit cost in dollars per kilowatt- 
hour, as provided pursuant to section 
323(b)(2) of the Act, divided by 3,412 Btu 
per kilowatt hour, the resulting prod-
uct then being rounded off to the near-
est 0.01 dollar per million Btu output; 
and 

(ii) For unvented gas and oil heaters 
with an auxiliary electric system, the 
product of: (A) The quotient of one mil-
lion divided by the rated output in 
Btu’s per hour as determined in 3.4 of 
appendix G of this subpart; and (B) the 
sum of: (1) The product of the max-
imum fuel input in Btu’s per hour as 
determined in 2.2. of this appendix 
times the representative unit cost in 
dollars per Btu for natural gas, pro-
pane, or oil, as appropriate, as provided 
pursuant to section 323(b)(2) of the Act, 
plus (2) the product of the maximum 
auxiliary electric power in kilowatts as 
determined in 2.1 of appendix G of this 
subpart times the representative unit 
cost in dollars per kilowatt-hour as 
provided pursuant to section 323(b)(2) 
of the Act, the resulting quantity shall 
be rounded off to the nearest 0.01 dollar 
per million Btu output. 

(4) The rated output for unvented 
heaters is the rated output as deter-
mined according to either sections 3.3 
or 3.4 of appendix G of this subpart, as 
appropriate, with the result being 
rounded to the nearest 100 Btu per 
hour. 

(5) Other useful measures of energy 
consumption for unvented home heat-
ing equipment shall be those measures 
of energy consumption for unvented 
home heating equipment which the 
Secretary determines are likely to as-
sist consumers in making purchasing 
decisions and which are derived from 

the application of appendix G of this 
subpart. 

(h) Television sets. The power con-
sumption of a television set, expressed 
in watts, including on mode, standby 
mode, and off mode power consumption 
values, shall be measured in accord-
ance with sections 7.1, 7.3, and 7.4 of ap-
pendix H of this subpart respectively. 
The annual energy consumption, ex-
pressed in kilowatt-hours per year, 
shall be measured in accordance with 
section 8 of appendix H of this subpart. 

(i) Kitchen ranges and ovens. (1) The 
estimated annual operating cost for 
conventional ranges, conventional 
cooking tops, and conventional ovens 
shall be the sum of the following prod-
ucts: 

(i) The total integrated annual elec-
trical energy consumption for any elec-
trical energy usage, in kilowatt-hours 
(kWhs) per year, times the representa-
tive average unit cost for electricity, 
in dollars per kWh, as provided pursu-
ant to section 323(b)(2) of the Act; plus 

(ii) The total annual gas energy con-
sumption for any natural gas usage, in 
British thermal units (Btus) per year, 
times the representative average unit 
cost for natural gas, in dollars per Btu, 
as provided pursuant to section 
323(b)(2) of the Act; plus 

(iii) The total annual gas energy con-
sumption for any propane usage, in 
Btus per year, times the representative 
average unit cost for propane, in dol-
lars per Btu, as provided pursuant to 
section 323(b)(2) of the Act. The total 
annual energy consumption for conven-
tional ranges, conventional cooking 
tops, and conventional ovens shall be 
as determined according to sections 4.3, 
4.2.2, and 4.1.2, respectively, of appen-
dix I to this subpart. For conventional 
gas cooking tops, total integrated an-
nual electrical energy consumption 
shall be equal to ECTSO, defined in sec-
tion 4.2.2.2.4 of appendix I to this sub-
part. The estimated annual operating 
cost shall be rounded off to the nearest 
dollar per year. 

(2) The cooking efficiency for conven-
tional cooking tops and conventional 
ovens shall be the ratio of the cooking 
energy output for the test to the cook-
ing energy input for the test, as deter-
mined according to sections 4.2.1 and 
4.1.3, respectively, of appendix I to this 
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subpart. The final cooking efficiency 
values shall be rounded off to three sig-
nificant digits. 

(3) The standby power for microwave 
ovens shall be determined according to 
3.2.3 of appendix I to this subpart. The 
standby power shall be rounded off to 
the nearest 0.1 watt. 

(4) The energy factor for conven-
tional ranges, conventional cooking 
tops, and conventional ovens shall be 
the ratio of the annual useful cooking 
energy output to the total annual en-
ergy input, as determined according to 
sections 4.3, 4.2.3.1, and 4.1.4.1, respec-
tively, of appendix I to this subpart. 
The final energy factor values shall be 
rounded off to three significant digits. 

(5) The integrated energy factor for 
conventional ranges, conventional 
cooking tops, and conventional ovens 
shall be the ratio of the annual useful 
cooking energy output to the total in-
tegrated annual energy input, as deter-
mined according to sections 4.3, 4.2.3.2, 
and 4.1.4.2, respectively, of appendix I 
to this subpart. The final integrated 
energy factor values shall be rounded 
off to three significant digits. 

(6) There shall be two estimated an-
nual operating costs, two cooking effi-
ciencies, and two energy factors for 
convertible cooking appliances— 

(i) An estimated annual operating 
cost, a cooking efficiency, and an en-
ergy factor which represent values for 
those three measures of energy con-
sumption for the operation of the ap-
pliance with natural gas; and 

(ii) An estimated annual operating 
cost, a cooking efficiency, and an en-
ergy factor which represent values for 
those three measures of energy con-
sumption for the operation of the ap-
pliance with LP-gas. 

(7) There shall be two integrated en-
ergy factors for convertible cooking 
appliances— 

(i) An integrated energy factor which 
represents the value for this measure 
of energy consumption for the oper-
ation of the appliance with natural gas; 
and 

(ii) An integrated energy factor 
which represents the value for this 
measure of energy consumption for the 
operation of the appliance with LP-gas. 

(8) The estimated annual operating 
cost for convertible cooking appliances 

which represents natural gas usage, as 
described in paragraph (i)(6)(i) of this 
section, shall be determined according 
to paragraph (i)(1) of this section using 
the total annual gas energy consump-
tion for natural gas times the rep-
resentative average unit cost for nat-
ural gas. 

(9) The estimated annual operating 
cost for convertible cooking appliances 
which represents LP-gas usage, as de-
scribed in paragraph (i)(6)(ii) of this 
section, shall be determined according 
to paragraph (i)(1) of this section using 
the representative average unit cost 
for propane times the total annual en-
ergy consumption of the test gas, ei-
ther propane or natural gas. 

(10) The cooking efficiency for con-
vertible cooking appliances which rep-
resents natural gas usage, as described 
in paragraph (i)(6)(i) of this section, 
shall be determined according to para-
graph (i)(2) of this section when the ap-
pliance is tested with natural gas. 

(11) The cooking efficiency for con-
vertible cooking appliances which rep-
resents LP-gas usage, as described in 
paragraph (i)(6)(ii) of this section, shall 
be determined according to paragraph 
(i)(2) of this section, when the appli-
ance is tested with either natural gas 
or propane. 

(12) The energy factor for convertible 
cooking appliances which represents 
natural gas usage, as described in para-
graph (i)(6)(i) of this section, shall be 
determined according to paragraph 
(i)(4) of this section when the appliance 
is tested with natural gas. 

(13) The integrated energy factor for 
convertible cooking appliances which 
represents natural gas usage, as de-
scribed in paragraph (i)(7)(i) of this sec-
tion, shall be determined according to 
paragraph (i)(5) of this section when 
the appliance is tested with natural 
gas. 

(14) The energy factor for convertible 
cooking appliances which represents 
LP-gas usage, as described in para-
graph (i)(6)(ii) of this section, shall be 
determined according to paragraph 
(i)(4) of this section when the appliance 
is tested with either natural gas or pro-
pane. 

(15) The integrated energy factor for 
convertible cooking appliances which 
represents LP-gas usage, as described 
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in paragraph (i)(7)(ii) of this section, 
shall be determined according to para-
graph (i)(5) of this section when the ap-
pliance is tested with natural gas or 
propane. 

(16) Other useful measures of energy 
consumption for conventional ranges, 
conventional cooking tops, and conven-
tional ovens shall be those measures of 
energy consumption which the Sec-
retary determines are likely to assist 
consumers in making purchasing deci-
sions and which are derived from the 
application of appendix I to this sub-
part. 

(j) Clothes washers. (1) The estimated 
annual operating cost for automatic 
and semi-automatic clothes washers 
must be rounded off to the nearest dol-
lar per year and is defined as follows: 

(i) When using appendix J1 (see the 
note at the beginning of appendix J1), 

(A) When electrically heated water is 
used, 
(N1 × ETE1 × CKWH) 

Where: 

N1 = the representative average residential 
clothes washer use of 392 cycles per year 
according to appendix J1, 

ETE1 = the total per-cycle energy consump-
tion when electrically heated water is 
used, in kilowatt-hours per cycle, deter-
mined according to section 4.1.7 of appen-
dix J1, and 

CKWH = the representative average unit cost, 
in dollars per kilowatt-hour, as provided 
by the Secretary. 

(B) When gas-heated or oil-heated 
water is used, 
(N1 × ((MET1 × CKWH) + (HETG1 × CBTU))) 

Where: 

N1 and CKWH are defined in paragraph 
(j)(1)(i)(A) of this section, 

MET1 = the total weighted per-cycle machine 
electrical energy consumption, in kilo-
watt-hours per cycle, determined accord-
ing to section 4.1.6 of appendix J1, 

HETG1 = the total per-cycle hot water energy 
consumption using gas-heated or oil- 
heated water, in Btu per cycle, deter-
mined according to section 4.1.4 of appen-
dix J1, and 

CBTU = the representative average unit cost, 
in dollars per Btu for oil or gas, as appro-
priate, as provided by the Secretary. 

(ii) When using appendix J2 (see the 
note at the beginning of appendix J2), 

(A) When electrically heated water is 
used, 

(N2 × (ETE2 + ETSO) × CKWH) 

Where: 

N2 = the representative average residential 
clothes washer use of 295 cycles per year 
according to appendix J2, 

ETE2 = the total per-cycle energy consump-
tion when electrically heated water is 
used, in kilowatt-hours per cycle, deter-
mined according to section 4.1.7 of appen-
dix J2, 

ETSO = the per-cycle combined low-power 
mode energy consumption, in kilowatt- 
hours per cycle, determined according to 
section 4.4 of appendix J2, and 

CKWH = the representative average unit cost, 
in dollars per kilowatt-hour, as provided 
by the Secretary. 

(B) When gas-heated or oil-heated 
water is used, 
(N2 × ((MET2 + ETSO) × CKWH) + (HETG2 × 

CBTU)) 

Where: 

N2 and ETSO are defined in (j)(1)(ii)(A) of this 
section, 

MET2 = the total weighted per-cycle machine 
electrical energy consumption, in kilo-
watt-hours per cycle, determined accord-
ing to section 4.1.6 of appendix J2, 

CKWH = the representative average unit cost, 
in dollars per kilowatt-hour, as provided 
by the Secretary, 

HETG2 = the total per-cycle hot water energy 
consumption using gas-heated or oil- 
heated water, in Btu per cycle, deter-
mined according to section 4.1.4 of appen-
dix J2, 

CBTU = the representative average unit cost, 
in dollars per Btu for oil or gas, as appro-
priate, as provided by the Secretary. 

(2)(i) The modified energy factor for 
automatic and semi-automatic clothes 
washers is determined according to sec-
tion 4.4 of appendix J1 (when using ap-
pendix J1) and section 4.5 of appendix 
J2 (when using appendix J2). The result 
shall be rounded off to the nearest 0.01 
cubic foot per kilowatt-hour per cycle. 

(ii) The integrated modified energy 
factor for automatic and semi-auto-
matic clothes washers is determined 
according to section 4.6 of appendix J2 
(when using appendix J2). The result 
shall be rounded off to the nearest 0.01 
cubic foot per kilowatt-hour per cycle. 

(3) Other useful measures of energy 
consumption for automatic or semi- 
automatic clothes washers shall be 
those measures of energy consumption 
which the Secretary determines are 
likely to assist consumers in making 
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purchasing decisions and which are de-
rived from the application of appendix 
J1 or appendix J2, as appropriate. In 
addition, the annual water consump-
tion of a clothes washer can be deter-
mined as: 

(i) When using appendix J1, the prod-
uct of the representative average-use of 
392 cycles per year and the total 
weighted per-cycle water consumption 
in gallons per cycle determined accord-
ing to section 4.2.2 of appendix J1. The 
water factor can be determined accord-
ing to section 4.2.3 of appendix J1, with 
the result rounded off to the nearest 0.1 
gallons per cycle per cubic foot. The re-
maining moisture content can be deter-
mined according to section 3.8 of ap-
pendix J1, with the result rounded off 
to the nearest 0.1 percent. 

(ii) When using appendix J2, the prod-
uct of the representative average-use of 
295 cycles per year and the total 
weighted per-cycle water consumption 
for all wash cycles, in gallons per 
cycle, determined according to section 
4.2.11 of appendix J2. The water factor 
can be determined according to section 
4.2.12 of appendix J2, with the result 
rounded off to the nearest 0.1 gallons 
per cycle per cubic foot. The integrated 
water factor can be determined accord-
ing to section 4.2.13 of appendix J2, 
with the result rounded off to the near-
est 0.1 gallons per cycle per cubic foot. 
The remaining moisture content can be 
determined according to section 3.8 of 
appendix J2, with the result rounded 
off to the nearest 0.1 percent. 

(k)–(l) [Reserved] 
(m) Central Air Conditioners and heat 

pumps. (1) The estimated annual oper-
ating cost for cooling-only units and 
air-source heat pumps shall be one of 
the following: 

(i) For cooling-only units or the cool-
ing portion of the estimated annual op-
erating cost for air-source heat pumps 
which provide both heating and cool-
ing, the product of: 

(A) The quotient of the cooling ca-
pacity, in Btu’s per hour, determined 
from the steady-state wet-coil test (A 
or A2 Test), as described in section 3.2 
of appendix M to this subpart, divided 
by the seasonal energy efficiency ratio 
(SEER), in Btu’s per watt-hour, deter-
mined from section 4.1 of appendix M 
to this subpart; 

(B) The representative average use 
cycle for cooling of 1,000 hours per 
year; 

(C) A conversion factor of 0.001 kilo-
watt per watt; and 

(D) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided pursuant to sec-
tion 323(b)(2) of the Act, the resulting 
product then being rounded off to the 
nearest dollar per year. 

(ii) For air-source heat pumps which 
provide only heating or the heating 
portion of the estimated annual oper-
ating cost for air-source heat pumps 
which provide both heating and cool-
ing, the product of: 

(A) The quotient of the standardized 
design heating requirement, in Btu’s 
per hour, nearest to the heating Region 
IV minimum design heating require-
ment, determined in section 4.2 of ap-
pendix M to this subpart, divided by 
the heating seasonal performance fac-
tor (HSPF), in Btu’s per watt-hour, cal-
culated for heating Region IV cor-
responding to the above-mentioned 
standardized design heating require-
ment and determined in section 4.2 of 
appendix M to this subpart; 

(B) The representative average use 
cycle for heating of 2,080 hours per 
year; 

(C) The adjustment factor of 0.77 
which serves to adjust the calculated 
design heating requirement and heat-
ing load hours to the actual load expe-
rienced by a heating system; 

(D) A conversion factor of 0.001 kilo-
watt per watt; and 

(E) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided pursuant to sec-
tion 323(b)(2) of the Act, the resulting 
product then being rounded off to the 
nearest dollar per year. 

(iii) For air-source heat pumps which 
provide both heating and cooling, the 
estimated annual operating cost is the 
sum of the quantity determined in 
paragraph (m)(1)(i) of this section 
added to the quantity determined in 
paragraph (m)(1)(ii) of this section. 

(2) The estimated regional annual op-
erating cost for cooling-only units and 
for air-source heat pumps shall be one 
of the following: 

(i) For cooling-only units or the cool-
ing portion of the estimated regional 
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annual operating cost for air-source 
heat pumps which provide both heating 
and cooling, the product of: 

(A) The quotient of the cooling ca-
pacity, in Btu’s per hour, determined 
from the steady-state wet-coil test (A 
or A2 Test), as described in section 3.2 
of appendix M to this subpart, divided 
by the seasonal energy efficiency ratio 
(SEER), in Btu’s per watt-hour, deter-
mined from section 4.1 of appendix M 
to this subpart; 

(B) The estimated number of regional 
cooling load hours per year determined 
from Figure 3 in section 4.3 of appendix 
M to this subpart; 

(C) A conversion factor of 0.001 kilo-
watts per watt; and 

(D) The representative average unit 
cost of electricity in dollars per kilo-
watt-hour as provided pursuant to sec-
tion 323(b)(2) of the Act, the resulting 
product then being rounded off to the 
nearest dollar per year. 

(ii) For air-source heat pumps which 
provide only heating or the heating 
portion of the estimated regional an-
nual operating cost for air-source heat 
pumps which provide both heating and 
cooling, the product of: 

(A) The estimated number of regional 
heating load hours per year determined 
from Figure 2 in section 4.3 of appendix 
M to this subpart; 

(B) The quotient of the standardized 
design heating requirement, in Btu’s 
per hour, for the appropriate general-
ized climatic region of interest (i.e., 
corresponding to the regional heating 
load hours from ‘‘A’’) and determined 
in section 4.2 of appendix M to this sub-
part, divided by the heating seasonal 
performance factor (HSPF), in Btu’s 
per watt-hour, calculated for the ap-
propriate generalized climatic region 
of interest and corresponding to the 
above-mentioned standardized design 
heating requirement while being deter-
mined in section 4.2 of appendix M to 
this subpart; 

(C) The adjustment factor of 0.77 
which serves to adjust the calculated 
design heating requirement and heat-
ing load hours to the actual load expe-
rienced by a heating system; 

(D) A conversion factor of 0.001 kilo-
watts per watt; and 

(E) The representative average unit 
cost of electricity in dollars per kilo-

watt-hour as provided pursuant to sec-
tion 323(b)(2) of the Act, the resulting 
product then being rounded off to the 
nearest dollar per year. 

(iii) For air-source heat pumps which 
provide both heating and cooling, the 
estimated regional annual operating 
cost is the sum of the quantity deter-
mined in paragraph (m)(3)(i) of this 
section added to the quantity deter-
mined in paragraph (m)(3)(ii) of this 
section. 

(3) The measure(s) of efficiency of 
performance for cooling-only units and 
air-source heat pumps shall be one or 
more of the following: 

(i) The cooling mode efficiency meas-
ure for cooling-only units and air- 
source heat pumps which provide cool-
ing shall be the seasonal energy effi-
ciency ratio (SEER), in Btu’s per watt- 
hour, determined according to section 
4.1 of appendix M to this subpart, 
rounded off to the nearest 0.05. 

(ii) The heating mode efficiency 
measure for air-source heat pumps 
shall be the heating seasonal perform-
ance factors (HSPF), in Btu’s per watt- 
hour, determined according to section 
4.2 of appendix M to this subpart for 
each applicable standardized design 
heating requirement within each cli-
matic region, rounded off to the near-
est 0.05. 

(iii) The annual efficiency measure 
for air-source heat pumps which pro-
vide heating and cooling, shall be the 
annual performance factors (APF), in 
Btu’s per watt-hour, determined ac-
cording to section 4.3 of appendix M to 
this subpart for each standardized de-
sign heating requirement within each 
climatic region, rounded off to the 
nearest 0.05. 

(4) The average off mode power con-
sumption for central air conditioners 
and central air conditioning heat 
pumps shall be determined according 
to appendix M of this subpart. Round 
the average off mode power consump-
tion to the nearest watt. 

(5) Other useful measures of energy 
consumption for central air condi-
tioners shall be those measures of en-
ergy consumption which the Secretary 
of Energy determines are likely to as-
sist consumers in making purchasing 
decisions and which are derived from 
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the application of appendix M to this 
subpart. 

(6) All measures of energy consump-
tion must be determined by the test 
method as set forth in appendix M to 
this subpart; or by an alternative rat-
ing method set forth in § 430.24(m)(4) as 
approved by the Assistant Secretary 
for Energy Efficiency and Renewable 
Energy in accordance with 
§ 430.24(m)(5). 

(n) Furnaces. (1) The estimated an-
nual operating cost for furnaces is the 
sum of: (i) The product of the average 
annual fuel energy consumption, in 
Btu’s per year for gas or oil furnaces or 
in kilowatt-hours per year for electric 
furnaces, determined according to sec-
tion 10.2.2 or 10.3 of appendix N of this 
subpart, respectively, and the rep-
resentative average unit cost in dollars 
per Btu for gas or oil, or dollars per 
kilowatt-hour for electric, as appro-
priate, as provided pursuant to section 
323(b)(2) of the Act, plus (ii) the prod-
uct of the average annual auxiliary 
electric energy consumption in kilo-
watt-hours per year determined accord-
ing to section 10.2.3 of appendix N of 
this subpart, and the representative av-
erage unit cost in dollars per kilowatt- 
hour as provided pursuant to section 
323(b)(2) of the Act, the resulting sum 
then being rounded off to the nearest 
dollar per year. (For furnaces which op-
erate with variable inputs, an esti-
mated annual operating cost is to be 
calculated for each degree of oversizing 
specified in section 10 of appendix N of 
this subpart.) 

(2) The annual fuel utilization effi-
ciency for furnaces, expressed in per-
cent, is the ratio of the annual fuel 
output of useful energy delivered to the 
heated space to the annual fuel energy 
input to the furnace determined ac-
cording to section 10.1 of appendix N of 
this subpart for gas and oil furnaces 
and determined in accordance with sec-
tion 11.1 of the American National 
Standards Institute/American Society 
of Heating, Refrigerating, and Air-Con-
ditioning Engineers (ANSI/ASHRAE) 
Standard 103–1993 (incorporated by ref-
erence, see § 430.3) for electric furnaces. 
Round the annual fuel utilization effi-
ciency to the nearest whole percentage 
point. 

(3) The estimated regional annual op-
erating cost for furnaces is the sum of: 
(i) The product of the regional annual 
fuel energy consumption in Btu’s per 
year for gas or oil furnaces or in kilo-
watt-hours per year for electric fur-
naces, determined according to section 
10.5.1 or 10.5.3 of appendix N of this sub-
part, respectively, and the representa-
tive average unit cost in dollars per 
Btu for gas or oil, or dollars per kilo-
watt-hour for electric, as appropriate, 
as provided pursuant to section 
323(b)(2) of the Act, plus (ii) the prod-
uct of the regional annual auxiliary 
electrical energy consumption in kilo-
watt-hours per year, determined ac-
cording to section 10.5.2 of appendix N 
of this subpart, and the representative 
average unit cost in dollars per kilo-
watt-hour as provided pursuant to sec-
tion 323(b)(2) of the Act, the resulting 
sum then being rounded off to the near-
est dollar per year. 

(4) The energy factor for furnaces, ex-
pressed in percent, is the ratio of an-
nual fuel output of useful energy deliv-
ered to the heated space to the total 
annual energy input to the furnace de-
termined according to section 10.4 of 
appendix N of this subpart. 

(5) The average standby mode and off 
mode electrical power consumption for 
furnaces shall be determined according 
to section 8.6 of appendix N of this sub-
part. Round the average standby mode 
and off mode electrical power consump-
tion to the nearest watt. 

(6) Other useful measures of energy 
consumption for furnaces shall be 
those measures of energy consumption 
which the Secretary determines are 
likely to assist consumers in making 
purchasing decisions and which are de-
rived from the application of appendix 
N of this subpart. 

(o) Vented home heating equipment. (1) 
The annual fuel utilization efficiency 
for vented home heating equipment, 
expressed in percent, which is the ratio 
of the annual fuel output of useful en-
ergy delivered to the heated space to 
the annual fuel energy input to the 
vented heater, shall be determined ei-
ther according to section 4.1.17 of ap-
pendix O of this subpart for vented 
heaters without either manual controls 
or thermal stack dampers; according to 
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section 4.2.6 of appendix O of this sub-
part for vented heaters equipped with 
manual controls; or according to sec-
tion 4.3.7 of appendix O of this subpart 
for vented heaters equipped with ther-
mal stack dampers. 

(2) The estimated annual operating 
cost for vented home heating equip-
ment is the sum of: (i) The product of 
the average annual fuel energy con-
sumption, in Btu’s per year for natural 
gas, propane, or oil fueled vented home 
heating equipment, determined accord-
ing to section 4.6.2 of appendix O of this 
subpart, and the representative aver-
age unit cost in dollars per Btu for nat-
ural gas, propane, or oil, as appro-
priate, as provided pursuant to section 
323(b)(2) of the Act; plus (ii) The prod-
uct of the average annual auxiliary 
electric energy consumption in kilo-
watt-hours per year determined accord-
ing to section 4.6.3 of appendix O of this 
subpart, and the representative aver-
age unit cost in dollars per kilowatt- 
hours as provided pursuant to section 
323(b)(2) of the Act, the resulting sum 
then being rounded off to the nearest 
dollar per year. 

(3) The estimated operating cost per 
million Btu output for gas or oil vented 
home heating equipment with an auxil-
iary electric system shall be the prod-
uct of: (A) The quotient of one million 
Btu divided by the sum of: (1) The prod-
uct of the maximum fuel input in Btu’s 
per hour as determined in 3.1.1 or 3.1.2 
of appendix 0 of this subpart times the 
annual fuel utilization efficiency in 
percent as determined in 4.1.17, 4.2.6, or 
4.3.7 of this appendix as appropriate di-
vided by 100, plus (2) the product of the 
maximum electric power in watts as 
determined in 3.1.3 of appendix 0 of this 
subpart times the quantity 3.412; and 
(B) of the sum of: (1) the product of the 
maximum fuel input in Btu’s per hour 
as determined in 3.1.1 of this appendix 
times the representative unit cost in 
dollars per Btu for natural gas, pro-
pane, or oil, as appropriate, as provided 
pursuant to section 323(b)(2) of the Act; 
plus (2) the product of the maximum 
auxiliary electric power in kilowatts as 
determined in 3.1.3 of appendix O of 
this subpart times the representative 
unit cost in dollars per kilowatt-hour 
as provided pursuant to section 
323(b)(2) of the Act, the resulting quan-

tity shall be rounded off to the nearest 
0.01 dollar per million Btu output. 

(4) Other useful measures of energy 
consumption for vented home heating 
equipment shall be those measures of 
energy consumption which the Sec-
retary determines are likely to assist 
consumers in making purchasing deci-
sions and which are derived from the 
application of appendix O of this sub-
part. 

(p) Pool heaters. (1) The estimated an-
nual operating cost for pool heaters is 
the sum of: 

(i) The product of the average annual 
fuel energy consumption, in Btu’s per 
year, of natural gas or oil fueled pool 
heaters, determined according to sec-
tion 5.2 of appendix P of this subpart, 
and the representative average unit 
cost in dollars per Btu for natural gas 
or oil, as appropriate, as provided pur-
suant to section 323(b)(2) of the Act; 
plus 

(ii) The product of the average an-
nual auxiliary electric energy con-
sumption in kilowatt-hours per year 
determined according to section 5.3 of 
appendix P of this subpart, and the rep-
resentative average unit cost in dollars 
per kilowatt-hours as provided pursu-
ant to section 323(b)(2) of the Act, the 
resulting sum then being rounded off to 
the nearest dollar per year. 

(2) The thermal efficiency of pool 
heaters, expressed as a percent, shall 
be determined in accordance with sec-
tion 4 of appendix P to this subpart. 

(q) Fluorescent Lamp Ballasts. (1) The 
Estimated Annual Energy Consump-
tion (EAEC) for fluorescent lamp bal-
lasts, expressed in kilowatt-hours per 
year, shall be the product of: 

(i) The input power in kilowatts as 
determined in accordance with section 
3.1.3.1 of appendix Q to this subpart; 
and 

(ii) The representative average use 
cycle of 1,000 hours per year, the result-
ing product then being rounded off to 
the nearest kilowatt-hour per year. 

(2) Ballast Efficacy Factor (BEF) 
shall be as determined in section 4.2 of 
appendix Q of this subpart. 

(3) The Estimated Annual Operating 
Cost (EAOC) for fluorescent lamp bal-
lasts, expressed in dollars per year, 
shall be the product of: 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00280 Fmt 8010 Sfmt 8010 Q:\10\10V3.TXT 31



271 

Department of Energy § 430.23 

(i) The representative average unit 
energy cost of electricity in dollars per 
kilowatt-hour as provided by the Sec-
retary, 

(ii) The representative average use 
cycle of 1,000 hours per year, and 

(iii) The input power in kilowatts as 
determined in accordance with section 
3.1.3.1 of appendix Q to this subpart, 
the resulting product then being round-
ed off to the nearest dollar per year. 

(4) Standby power consumption of 
certain fluorescent lamp ballasts shall 
be measured in accordance with section 
3.2 of appendix Q to this subpart. 

(r) General service fluorescent lamps, 
general service incandescent lamps, and 
incandescent reflector lamps. (1) The esti-
mated annual energy consumption for 
general service fluorescent lamps, gen-
eral service incandescent lamps, and 
incandescent reflector lamps, expressed 
in kilowatt-hours per year, shall be the 
product of the input power in kilowatts 
as determined in accordance with sec-
tion 4 of appendix R to this subpart and 
an average annual use specified by the 
manufacturer, with the resulting prod-
uct rounded off to the nearest kilo-
watt-hour per year. Manufacturers 
must provide a clear and accurate de-
scription of the assumptions used for 
the estimated annual energy consump-
tion. 

(2) The lamp efficacy for general 
service fluorescent lamps shall be 
equal to the average lumen output di-
vided by the average lamp wattage as 
determined in section 4 of appendix R 
of this subpart, with the resulting 
quotient rounded off to the nearest 
tenth of a lumen per watt. 

(3) The lamp efficacy for general 
service incandescent lamps shall be 
equal to the average lumen output di-
vided by the average lamp wattage as 
determined in section 4 of appendix R 
of this subpart, with the resulting 
quotient rounded off to the nearest 
tenth of a lumen per watt. 

(4) The lamp efficacy for incandes-
cent reflector lamps shall be equal to 
the average lumen output divided by 
the average lamp wattage as deter-
mined in section 4 of appendix R of this 
subpart, with the resulting quotient 
rounded off to the nearest tenth of a 
lumen per watt. 

(5) The color rendering index of a 
general service fluorescent lamp shall 
be tested and determined in accordance 
with section 4.4 of appendix R of this 
subpart and rounded off to the nearest 
unit. 

(6) The rated lifetime for general 
service incandescent lamps shall be 
measured in accordance with test pro-
cedures described in section 4.2 of Ap-
pendix R of this chapter. A lamp shall 
be compliant with standards if greater 
than 50 percent of the sample size spec-
ified in § 429.27 meets the minimum 
rated lifetime as specified by energy 
conservations standards for general 
service incandescent lamps. 

(s) Faucets. The maximum permis-
sible water use allowed for lavatory 
faucets, lavatory replacement aerators, 
kitchen faucets, and kitchen replace-
ment aerators, expressed in gallons and 
liters per minute (gpm and L/min), 
shall be measured in accordance to sec-
tion 2(a) of appendix S of this subpart. 
The maximum permissible water use 
allowed for metering faucets, expressed 
in gallons and liters per cycle (gal/ 
cycle and L/cycle), shall be measured 
in accordance to section 2(a) of appen-
dix S of this subpart. 

(t) Showerheads. The maximum per-
missible water use allowed for 
showerheads, expressed in gallons and 
liters per minute (gpm and L/min), 
shall be measured in accordance to sec-
tion 2(b) of appendix S of this subpart. 

(u) Water closets. The maximum per-
missible water use allowed for water 
closets, expressed in gallons and liters 
per flush (gpf and Lpf), shall be meas-
ured in accordance to section 3(a) of 
appendix T of this subpart. 

(v) Urinals. The maximum permis-
sible water use allowed for urinals, ex-
pressed in gallons and liters per flush 
(gpf and Lpf), shall be measured in ac-
cordance to section 3(b) of appendix T 
of this subpart. 

(w) Ceiling fans. The airflow and air-
flow efficiency for ceiling fans, ex-
pressed in cubic feet per minute (CFM) 
and CFM per watt (CFM/watt), respec-
tively, shall be measured in accordance 
with section 4 of appendix U of this 
subpart. 

(x) Ceiling fan light kits. The efficacy, 
expressed in lumens per watt (lumens/ 
watt), for ceiling fan light kits with 
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sockets for medium screw base lamps 
or pin-based fluorescent lamps shall be 
measured in accordance with section 4 
of appendix V of this subpart. 

(y) Medium Base Compact Fluorescent 
Lamps. The initial efficacy, lumen 
maintenance at 1,000 hours, lumen 
maintenance at 40-percent of rated life, 
rapid cycle stress test, and lamp life 
shall be measured in accordance with 
section 4 of appendix W of this subpart. 

(z) Dehumidifiers. (1) When measuring 
the energy factor for dehumidifiers (see 
the note at the beginning of appendix X 
to this subpart), expressed in liters per 
kilowatt hour (L/kWh), energy factor 
shall be measured in accordance with 
section 4.1 of appendix X to this sub-
part. 

(2) When measuring the integrated 
energy factor for dehumidifiers (see the 
note at the beginning of appendix X to 
this subpart), expressed in L/kWh, inte-
grated energy factor shall be deter-
mined according to paragraph 5.2 of ap-
pendix X to this subpart. 

(aa) Battery Chargers. Upon the effec-
tive date of any energy conservation 
standard for battery chargers gov-
erning active and maintenance mode 
energy consumption, the 24-hour en-
ergy consumption of a battery charger 
in active and maintenance modes, ex-
pressed in watt-hours, and the power 
consumption of a battery charger in 
maintenance mode, expressed in watts, 
shall be measured in accordance with 
section 5.10 of appendix Y of this sub-
part. The power consumption of a bat-
tery charger in standby mode and off 
mode, expressed in watts, shall be 
measured in accordance with sections 
5.11 and 5.12, respectively, of appendix 
Y of this subpart. 

(bb) External Power Supplies. The en-
ergy consumption of an external power 
supply, including active-mode effi-
ciency expressed as a percentage and 
the no-load, off, and standby mode en-
ergy consumption levels expressed in 
watts, shall be measured in accordance 
with section 4 of appendix Z of this 
subpart. 

(cc) Furnace Fans. The energy con-
sumption of a single unit of a furnace 
fan basic model expressed in watts per 
1000 cubic feet per minute (cfm) to the 
nearest integer shall be calculated in 

accordance with Appendix AA of this 
subpart. 

[42 FR 27898, June 1, 1977] 

EDITORIAL NOTE: For FEDERAL REGISTER ci-
tations affecting § 430.23, see the List of CFR 
Sections Affected, which appears in the 
Finding Aids section of the printed volume 
and at www.fdsys.gov. 

EFFECTIVE DATE NOTE: At 79 FR 40567, July 
11, 2014, § 430.23 was amended by revising 
paragraph (e), effective July 13, 2015. For the 
convenience of the user, the revised text is 
set forth as follows: 

§ 430.23 Test procedures for the measure-
ment of energy and water consumption. 

* * * * * 

(e) Water Heaters. (1) The estimated annual 
operating cost for water heaters shall be— 

(i) For a gas or oil water heater, the sum 
of: the product of the annual gas or oil en-
ergy consumption, determined according to 
section 6.1.10 or 6.2.7 of appendix E of this 
subpart, times the representative average 
unit cost of gas or oil, as appropriate, in dol-
lars per Btu as provided by the Secretary; 
plus the product of the annual electric en-
ergy consumption, determined according to 
section 6.1.9 or 6.2.6 of appendix E of this sub-
part, times the representative average unit 
cost of electricity in dollars per kilowatt- 
hour as provided by the Secretary, the re-
sulting sum then being rounded off to the 
nearest dollar per year. 

(ii) For an electric water heater, the prod-
uct of the annual energy consumption, deter-
mined according to section 6.1.9 or 6.2.6 of 
appendix E of this subpart, times the rep-
resentative average unit cost of electricity 
in dollars per kilowatt-hour as provided by 
the Secretary, the resulting product then 
being rounded off to the nearest dollar per 
year. 

(2) For an individual test, the tested uni-
form energy factor for a water heater shall 
be— 

(i) For a gas or oil water heater, as deter-
mined by section 6.1.7 or 6.2.4 of appendix E 
of this subpart rounded to the nearest 0.01. 

(ii) For an electric water heater, as deter-
mined by section 6.1.7 or 6.2.4 of appendix E 
of this subpart rounded to the nearest 0.01. 

* * * * * 

§ 430.24 [Reserved] 

§ 430.25 Laboratory Accreditation Pro-
gram. 

Testing for fluorescent lamp ballasts 
performed in accordance with appendix 
Q1 to this subpart shall comply with 
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this § 430.25. The testing for general 
service fluorescent lamps, general serv-
ice incandescent lamps, and incandes-
cent reflector lamps shall be performed 
in accordance with Appendix R to this 
subpart. The testing for medium base 
compact fluorescent lamps shall be 
performed in accordance with Appendix 
W of this subpart. This testing, with 
the exception of lifetime testing of 
general service incandescent lamps, 
shall be conducted by test laboratories 
accredited by the National Voluntary 
Laboratory Accreditation Program 
(NVLAP) or by an accrediting organi-
zation recognized by NVLAP. NVLAP 
is a program of the National Institute 
of Standards and Technology, U.S. De-
partment of Commerce. NVLAP stand-
ards for accreditation of laboratories 
that test for compliance with stand-
ards for fluorescent lamp ballast lumi-
nous efficiency (BLE), lamp efficacy, 
lamp lifetime, and fluorescent lamp 
CRI are set forth in 15 CFR part 285. A 
manufacturer’s or importer’s own lab-
oratory, if accredited, may conduct the 
applicable testing. Testing for BLE 
may also be conducted by laboratories 
accredited by Underwriters Labora-
tories or Council of Canada. Testing for 
fluorescent lamp ballasts performed in 
accordance with Appendix Q to this 
subpart is not required to be conducted 
by test laboratories accredited by 
NVLAP or an accrediting organization 
recognized by NVLAP. 

[77 FR 4216, Jan. 27, 2012] 

§ 430.27 Petitions for waiver and in-
terim waiver. 

(a) General information. This section 
provides a means for seeking waivers of 
the test procedure requirements of this 
subpart for basic models that meet the 
requirements of paragraph (a)(1) of this 
section. In granting a waiver or in-
terim waiver, DOE will not change the 
energy use or efficiency metric that 
the manufacturer must use to certify 
compliance with the applicable energy 
conservation standard and to make 
representations about the energy use 
or efficiency of the covered product. 
The granting of a waiver or interim 
waiver by DOE does not exempt such 
basic models from any other regulatory 
requirement contained in this part or 
the certification and compliance re-

quirements of 10 CFR part 429 and 
specifies an alternative method for 
testing the basic models addressed in 
the waiver. 

(1) Any interested person may submit 
a petition to waive for a particular 
basic model any requirements of § 430.23 
or of any appendix to this subpart, 
upon the grounds that the basic model 
contains one or more design character-
istics which either prevent testing of 
the basic model according to the pre-
scribed test procedures or cause the 
prescribed test procedures to evaluate 
the basic model in a manner so unrep-
resentative of its true energy and/or 
water consumption characteristics as 
to provide materially inaccurate com-
parative data. 

(2) Manufacturers of basic model(s) 
subject to a waiver or interim waiver 
are responsible for complying with the 
other requirements of this subpart and 
with the requirements of 10 CFR part 
429 regardless of the person that origi-
nally submitted the petition for waiver 
and/or interim waiver. The filing of a 
petition for waiver and/or interim 
waiver shall not constitute grounds for 
noncompliance with any requirements 
of this subpart. 

(3) All correspondence regarding 
waivers and interim waivers must be 
submitted to DOE either electronically 
to ASlWaiverlRequests@ee.doe.gov 
(preferred method of transmittal) or by 
mail to U.S. Department of Energy, 
Building Technologies Program, Test 
Procedure Waiver, 1000 Independence 
Avenue SW., Mailstop EE–5B, Wash-
ington, DC 20585–0121. 

(b) Petition content and publication. (1) 
Each petition for waiver must: 

(i) Identify the particular basic 
model(s) for which a waiver is re-
quested, each brand name under which 
the identified basic model(s) will be 
distributed in commerce, the design 
characteristic(s) constituting the 
grounds for the petition, and the spe-
cific requirements sought to be waived, 
and must discuss in detail the need for 
the requested waiver; 

(ii) Identify manufacturers of all 
other basic models distributed in com-
merce in the United States and known 
to the petitioner to incorporate design 
characteristic(s) similar to those found 
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in the basic model that is the subject 
of the petition; 

(iii) Include any alternate test proce-
dures known to the petitioner to evalu-
ate the performance of the product 
type in a manner representative of the 
energy and/or water consumption char-
acteristics of the basic model; and 

(iv) Be signed by the petitioner or an 
authorized representative. In accord-
ance with the provisions set forth in 10 
CFR 1004.11, any request for confiden-
tial treatment of any information con-
tained in a petition for waiver or in 
supporting documentation must be ac-
companied by a copy of the petition, 
application or supporting documenta-
tion from which the information 
claimed to be confidential has been de-
leted. DOE will publish in the FEDERAL 
REGISTER the petition and supporting 
documents from which confidential in-
formation, as determined by DOE, has 
been deleted in accordance with 10 CFR 
1004.11 and will solicit comments, data 
and information with respect to the de-
termination of the petition. 

(2) Each petition for interim waiver 
must reference the related petition for 
waiver by identifying the particular 
basic model(s) for which a waiver is 
being sought. Each petition for interim 
waiver must demonstrate likely suc-
cess of the petition for waiver and ad-
dress what economic hardship and/or 
competitive disadvantage is likely to 
result absent a favorable determina-
tion on the petition for interim waiver. 
Each petition for interim waiver must 
be signed by the petitioner or an au-
thorized representative. 

(c) Notification to other manufacturers. 
(1) Each petitioner for interim waiver 
must, upon publication of a grant of an 
interim waiver in the FEDERAL REG-
ISTER, notify in writing all known man-
ufacturers of domestically marketed 
basic models of the same product class 
(as specified in 10 CFR 430.32) and of 
other product classes known to the pe-
titioner to use the technology or have 
the characteristic at issue in the waiv-
er. The notice must include a state-
ment that DOE has published the in-
terim waiver and petition for waiver in 
the FEDERAL REGISTER and the date the 
petition for waiver was published. The 
notice must also include a statement 
that DOE will receive and consider 

timely written comments on the peti-
tion for waiver. Within five working 
days, each petitioner must file with 
DOE a statement certifying the names 
and addresses of each person to whom a 
notice of the petition for waiver has 
been sent. 

(2) If a petitioner does not request an 
interim waiver and notification has not 
been provided pursuant to paragraph 
(c)(1) of this section, each petitioner, 
after filing a petition for waiver with 
DOE, and after the petition for waiver 
has been published in the FEDERAL 
REGISTER, must, within five working 
days of such publication, notify in 
writing all known manufacturers of do-
mestically marketed units of the same 
product class (as listed in 10 CFR 
430.32) and of other product classes 
known to the petitioner to use the 
technology or have the characteristic 
at issue in the waiver. The notice must 
include a statement that DOE has pub-
lished the petition in the FEDERAL 
REGISTER and the date the petition for 
waiver was published. Within five 
working days of the publication of the 
petition in the FEDERAL REGISTER, 
each petitioner must file with DOE a 
statement certifying the names and ad-
dresses of each person to whom a no-
tice of the petition for waiver has been 
sent. 

(d) Public comment and rebuttal. (1) 
Any person submitting written com-
ments to DOE with respect to an in-
terim waiver must also send a copy of 
the comments to the petitioner by the 
deadline specified in the notice. 

(2) Any person submitting written 
comments to DOE with respect to a pe-
tition for waiver must also send a copy 
of such comments to the petitioner. 

(3) A petitioner may, within 10 work-
ing days of the close of the comment 
period specified in the FEDERAL REG-
ISTER, submit a rebuttal statement to 
DOE. A petitioner may rebut more 
than one comment in a single rebuttal 
statement. 

(e) Provisions specific to interim waiv-
ers—(1) Disposition of application. If 
administratively feasible, DOE will no-
tify the applicant in writing of the dis-
position of the petition for interim 
waiver within 30 business days of re-
ceipt of the application. Notice of 
DOE’s determination on the petition 
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for interim waiver will be published in 
the FEDERAL REGISTER. 

(2) Criteria for granting. DOE will 
grant an interim waiver from the test 
procedure requirements if it appears 
likely that the petition for waiver will 
be granted and/or if DOE determines 
that it would be desirable for public 
policy reasons to grant immediate re-
lief pending a determination on the pe-
tition for waiver. 

(f) Provisions specific to waivers—(1) 
Disposition of application. The peti-
tioner shall be notified in writing as 
soon as practicable of the disposition of 
each petition for waiver. DOE shall 
issue a decision on the petition as soon 
as is practicable following receipt and 
review of the Petition for Waiver and 
other applicable documents, including, 
but not limited to, comments and re-
buttal statements. 

(2) Criteria for granting. DOE will 
grant a waiver from the test procedure 
requirements if DOE determines either 
that the basic model(s) for which the 
waiver was requested contains a design 
characteristic that prevents testing of 
the basic model according to the pre-
scribed test procedures, or that the 
prescribed test procedures evaluate the 
basic model in a manner so unrepre-
sentative of its true energy or water 
consumption characteristics as to pro-
vide materially inaccurate compara-
tive data. Waivers may be granted sub-
ject to conditions, which may include 
adherence to alternate test procedures 
specified by DOE. DOE will consult 
with the Federal Trade Commission 
prior to granting any waiver, and will 
promptly publish in the FEDERAL REG-
ISTER notice of each waiver granted or 
denied, and any limiting conditions of 
each waiver granted. 

(g) Extension to additional basic mod-
els. A petitioner may request that DOE 
extend the scope of a waiver or an in-
terim waiver to include additional 
basic models employing the same tech-
nology as the basic model(s) set forth 
in the original petition. DOE will pub-
lish any such extension in the FEDERAL 
REGISTER. 

(h) Duration. (1) Within one year of 
issuance of an interim waiver, DOE 
will either: 

(i) Publish in the FEDERAL REGISTER 
a determination on the petition for 
waiver; or 

(ii) Publish in the FEDERAL REGISTER 
a new or amended test procedure that 
addresses the issues presented in the 
waiver. 

(2) When DOE amends the test proce-
dure to address the issues presented in 
a waiver, the waiver will automatically 
terminate on the date on which use of 
that test procedure is required to dem-
onstrate compliance. 

(i) Compliance certification. (1) If the 
alternate test procedure specified in 
the interim waiver differs from the al-
ternate test procedure specified by 
DOE in a subsequent decision and order 
granting the petition for waiver, a 
manufacturer who has already certified 
basic models using the procedure per-
mitted in DOE’s grant of an interim 
test procedure waiver is not required to 
re-test and re-rate those basic models 
so long as: The manufacturer used that 
alternative procedure to certify the 
compliance of the basic model after 
DOE granted the company’s interim 
waiver request; changes have not been 
made to those basic models that would 
cause them to use more energy or oth-
erwise be less energy efficient; and the 
manufacturer does not modify the cer-
tified rating. However, if the alternate 
test procedure specified in the interim 
waiver differs from the alternate test 
procedure specified by DOE in a subse-
quent decision and order granting the 
petition for waiver and if specified by 
DOE in the decision and order, the 
manufacturer must re-test and re-cer-
tify compliance using the procedure 
specified by DOE in the decision and 
order by the time of the next annual 
certification. 

(2) After DOE publishes a decision 
and order in the FEDERAL REGISTER, a 
manufacturer must use the test proce-
dure contained in that notice to rate 
any basic models covered by the waiver 
that have not yet been certified to DOE 
and for any future testing in support of 
the certification for the basic model(s) 
while the waiver is valid. 

(j) Petition for waiver required of other 
manufacturers. Within 60 days after 
DOE issues a waiver to a manufacturer 
for a product employing a particular 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00285 Fmt 8010 Sfmt 8010 Q:\10\10V3.TXT 31



276 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. A 

technology or having a particular char-
acteristic, any manufacturer currently 
distributing in commerce in the United 
States a product employing a tech-
nology or characteristic that results in 
the same need for a waiver (as specified 
by DOE in the published decision and 
order on the petition in the FEDERAL 
REGISTER) must submit a petition for 
waiver pursuant to the requirements of 
this section. Manufacturers not cur-
rently distributing such products in 
commerce in the United States must 
petition for and be granted a waiver 
prior to distribution in commerce in 
the United States. Manufacturers may 
also submit a request for interim waiv-
er pursuant to the requirements of this 
section. 

(k) Rescission or modification. (1) DOE 
may rescind or modify a waiver or in-
terim waiver at any time upon DOE’s 
determination that the factual basis 
underlying the petition for waiver or 
interim waiver is incorrect, or upon a 
determination that the results from 
the alternate test procedure are unrep-
resentative of the basic model(s)’ true 
energy consumption characteristics. 
Waivers and interim waivers are condi-
tioned upon the validity of statements, 
representations, and documents pro-
vided by the requestor; any evidence 
that the original grant of a waiver or 
interim waiver was based upon inac-
curate information will weigh against 
continuation of the waiver. DOE’s deci-
sion will specify the basis for its deter-
mination and, in the case of a modi-
fication, will also specify the change to 
the authorized test procedure. 

(2) A person may request that DOE 
rescind or modify a waiver or interim 
waiver issued to that person if the per-
son discovers an error in the informa-
tion provided to DOE as part of its pe-
tition, determines that the waiver is no 
longer needed, or for other appropriate 
reasons. In a request for rescission, the 
requestor must provide a statement ex-
plaining why it is requesting rescis-
sion. In a request for modification, the 
requestor must explain the need for 
modification to the authorized test 
procedure and detail the modifications 
needed and the corresponding impact 
on measured energy consumption. 

(3) DOE will publish a proposed re-
scission or modification (DOE-initiated 

or at the request of the original re-
questor) in the FEDERAL REGISTER for 
public comment. A requestor may, 
within 10 working days of the close of 
the comment period specified in the 
proposed rescission or modification 
published in the FEDERAL REGISTER, 
submit a rebuttal statement to DOE. A 
requestor may rebut more than one 
comment in a single rebuttal state-
ment. 

(4) DOE will publish its decision in 
the FEDERAL REGISTER. DOE’s deter-
mination will be based on relevant in-
formation contained in the record and 
any comments received. 

(5) After the effective date of a re-
scission, any basic model(s) previously 
subject to a waiver must be tested and 
certified using the applicable DOE test 
procedure in 10 CFR part 430. 

(l) Revision of regulation. As soon as 
practicable after the granting of any 
waiver, DOE will publish in the FED-
ERAL REGISTER a notice of proposed 
rulemaking to amend its regulations so 
as to eliminate any need for the con-
tinuation of such waiver. As soon 
thereafter as practicable, DOE will 
publish in the FEDERAL REGISTER a 
final rule. 

(m) To exhaust administrative rem-
edies, any person aggrieved by an ac-
tion under this section must file an ap-
peal with the DOE’s Office of Hearings 
and Appeals as provided in 10 CFR part 
1003, subpart C. 

[79 FR 26599, May 9, 2014] 

APPENDIX A TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF ELECTRIC REFRIGERATORS 
AND ELECTRIC REFRIGERATOR- 
FREEZERS 

Beginning on September 15, 2014, the test 
procedures in appendix A must be used to de-
termine compliance with energy conserva-
tion standards for refrigerators and refrig-
erator-freezers. Prior to September 15, 2014, 
manufacturers may continue to use appendix 
A1 or may elect to use appendix A early to 
show compliance with the September 15, 2014 
energy conservation standards. Manufactur-
ers must use a single appendix for all rep-
resentations of energy use of a basic model, 
including certifications of compliance, and 
may not use appendix A1 for certain rep-
resentations and appendix A for other rep-
resentations. 
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1. Definitions 

Section 3, Definitions, of HRF–1–2008 (incor-
porated by reference; see § 430.3) applies to 
this test procedure. 

1.1 ‘‘Adjusted total volume’’ means the 
sum of: 

(i) The fresh food compartment volume as 
defined in HRF–1–2008 (incorporated by ref-
erence; see § 430.3) in cubic feet, and 

(ii) The product of an adjustment factor 
and the net freezer compartment volume as 
defined in HRF–1–2008 in cubic feet. 

1.2 ‘‘All-refrigerator’’ means an electric re-
frigerator that does not include a compart-
ment for the freezing and long time storage 
of food at temperatures below 32 °F (0.0 °C). 
It may include a compartment of 0.50 cubic- 
foot capacity (14.2 liters) or less for the freez-
ing and storage of ice. 

1.3 ‘‘Anti-sweat heater’’ means a device in-
corporated into the design of a refrigerator 
or refrigerator-freezer to prevent the accu-
mulation of moisture on the exterior or inte-
rior surfaces of the cabinet. 

1.4 ‘‘Anti-sweat heater switch’’ means a 
user-controllable switch or user interface 
which modifies the activation or control of 
anti-sweat heaters. 

1.5 ‘‘AS/NZS 4474.1:2007’’ means Aus-
tralian/New Zealand Standard 4474.1:2007, 
Performance of household electrical appli-
ances—Refrigerating appliances, Part 1: En-
ergy consumption and performance. Only 
sections of AS/NZS 4474.1:2007 (incorporated 
by reference; see § 430.3) specifically ref-
erenced in this test procedure are part of 
this test procedure. In cases where there is a 
conflict, the language of the test procedure 
in this appendix takes precedence over AS/ 
NZS 4474.1:2007. 

1.6 ‘‘Automatic defrost’’ means a system in 
which the defrost cycle is automatically ini-
tiated and terminated, with resumption of 
normal refrigeration at the conclusion of the 
defrost operation. The system automatically 
prevents the permanent formation of frost 
on all refrigerated surfaces. Nominal refrig-
erated food temperatures are maintained 
during the operation of the automatic de-
frost system. 

1.7 ‘‘Automatic icemaker’’ means a device, 
that can be supplied with water without user 
intervention, either from a pressurized water 
supply system or by transfer from a water 
reservoir located inside the cabinet, that 
automatically produces, harvests, and stores 
ice in a storage bin, with means to automati-
cally interrupt the harvesting operation 
when the ice storage bin is filled to a pre-de-
termined level. 

1.8 ‘‘Complete temperature cycle’’ means 
a time period defined based upon the cycling 
of compartment temperature that starts 
when the compartment temperature is at a 
maximum and ends when the compartment 
temperature returns to an equivalent max-

imum (within 0.5 °F of the starting tempera-
ture), having in the interim fallen to a min-
imum and subsequently risen again to reach 
the second maximum. Alternatively, a com-
plete temperature cycle can be defined to 
start when the compartment temperature is 
at a minimum and end when the compart-
ment temperature returns to an equivalent 
minimum (within 0.5 °F of the starting tem-
perature), having in the interim risen to a 
maximum and subsequently fallen again to 
reach the second minimum. 

1.9 ‘‘Cycle’’ means the period of 24 hours 
for which the energy use of an electric refrig-
erator or electric refrigerator-freezer is cal-
culated as though the consumer activated 
compartment temperature controls were set 
to maintain the standardized temperatures 
(see section 3.2). 

1.10 ‘‘Cycle type’’ means the set of test 
conditions having the calculated effect of op-
erating an electric refrigerator or electric 
refrigerator-freezer for a period of 24 hours, 
with the consumer activated controls other 
than those that control compartment tem-
peratures set to establish various operating 
characteristics. 

1.11 ‘‘Defrost cycle type’’ means a distinct 
sequence of control whose function is to re-
move frost and/or ice from a refrigerated sur-
face. There may be variations in the defrost 
control sequence such as the number of de-
frost heaters energized. Each such variation 
establishes a separate distinct defrost cycle 
type. However, defrost achieved regularly 
during the compressor off-cycles by warming 
of the evaporator without active heat addi-
tion, although a form of automatic defrost, 
does not constitute a unique defrost cycle 
type for the purposes of identifying the test 
period in accordance with section 4 of this 
appendix. 

1.12 ‘‘Externally vented refrigerator or re-
frigerator-freezer’’ means an electric refrig-
erator or electric refrigerator-freezer that 
has an enclosed condenser or an enclosed 
condenser/compressor compartment and a 
set of air ducts for transferring the exterior 
air from outside the building envelope into, 
through, and out of the refrigerator or re-
frigerator-freezer cabinet; is capable of mix-
ing exterior air with the room air before dis-
charging into, through, and out of the con-
denser or condenser/compressor compart-
ment; may include thermostatically con-
trolled dampers or controls that mix the ex-
terior and room air at low outdoor tempera-
tures and exclude exterior air when the out-
door air temperature is above 80 °F (26.7 °C) 
or the room air temperature; and may have 
a thermostatically actuated exterior air fan. 

1.13 ‘‘HRF–1–2008’’ means AHAM Standard 
HRF–1–2008, Association of Home Appliance 
Manufacturers, Energy and Internal Volume 
of Refrigerating Appliances (2008), including 
Errata to Energy and Internal Volume of Re-
frigerating Appliances, Correction Sheet 
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issued November 17, 2009. Only sections of 
HRF–1–2008 (incorporated by reference; see 
§ 430.3) specifically referenced in this test 
procedure are part of this test procedure. In 
cases where there is a conflict, the language 
of the test procedure in this appendix takes 
precedence over HRF–1–2008. 

1.14 ‘‘Ice storage bin’’ means a container 
in which ice can be stored. 

1.15 ‘‘Long-time automatic defrost’’ means 
an automatic defrost system whose succes-
sive defrost cycles are separated by 14 hours 
or more of compressor operating time. 

1.16 ‘‘Multiple-compressor’’ refrigerator 
or refrigerator-freezer means a refrigerator 
or refrigerator-freezer with more than one 
compressor. 

1.17 ‘‘Precooling’’ means operating a re-
frigeration system before initiation of a de-
frost cycle to reduce one or more compart-
ment temperatures significantly (more than 
0.5 °F) below its minimum during stable oper-
ation between defrosts. 

1.18 ‘‘Recovery’’ means operating a refrig-
eration system after the conclusion of a de-
frost cycle to reduce the temperature of one 
or more compartments to the temperature 
range that the compartment(s) exhibited 
during stable operation between defrosts. 

1.19 ‘‘Separate auxiliary compartment’’ 
means a freezer compartment or a fresh food 
compartment of a refrigerator or refrig-
erator-freezer having more than two com-
partments that is not the first freezer com-
partment or the first fresh food compart-
ment. Access to a separate auxiliary com-
partment is through a separate exterior door 
or doors rather than through the door or 
doors of another compartment. Separate 
auxiliary compartments may be convertible 
(e.g., from fresh food to freezer). Separate 
auxiliary freezer compartments may not be 
larger than the first freezer compartment 
and separate auxiliary fresh food compart-
ments may not be larger than the first fresh 
food compartment, but such size restrictions 
do not apply to separate auxiliary convert-
ible compartments. 

1.20 ‘‘Special compartment’’ means any 
compartment other than a butter condi-
tioner, without doors directly accessible 
from the exterior, and with separate tem-
perature control (such as crispers convert-
ible to meat keepers) that is not convertible 
from fresh food temperature range to freezer 
temperature range. 

1.21 ‘‘Stabilization period’’ means the total 
period of time during which steady-state 
conditions are being attained or evaluated. 

1.22 ‘‘Stable operation’’ means operation 
after steady-state conditions have been 
achieved but excluding any events associated 
with defrost cycles. During stable operation 
the average rate of change of compartment 
temperature must not exceed 0.042 °F 
(0.023 °C) per hour for all compartment tem-
peratures. Such a calculation performed for 

compartment temperatures at any two 
times, or for any two periods of time com-
prising complete cycles, during stable oper-
ation must meet this requirement. 

(A) If compartment temperatures do not 
cycle, the relevant calculation shall be the 
difference between the temperatures at two 
points in time divided by the difference, in 
hours, between those points in time. 

(B) If compartment temperatures cycle as 
a result of compressor cycling or other cy-
cling operation of any system component 
(e.g., a damper, fan, or heater), the relevant 
calculation shall be the difference between 
compartment temperature averages evalu-
ated for whole compressor cycles or com-
plete temperature cycles divided by the dif-
ference, in hours, between either the starts, 
ends, or mid-times of the two cycles. 

1.23 ‘‘Standard cycle’’ means the cycle type 
in which the anti-sweat heater control, when 
provided, is set in the highest energy-con-
suming position. 

1.24 ‘‘Through-the-door ice/water dis-
penser’’ means a device incorporated within 
the cabinet, but outside the boundary of the 
refrigerated space, that delivers to the user 
on demand ice and may also deliver water 
from within the refrigerated space without 
opening an exterior door. This definition in-
cludes dispensers that are capable of dis-
pensing ice and water or ice only. 

1.25 ‘‘Variable anti-sweat heater control’’ 
means an anti-sweat heater control that var-
ies the average power input of the anti-sweat 
heater(s) based on operating condition vari-
able(s) and/or ambient condition variable(s). 

1.26 ‘‘Variable defrost control’’ means an 
automatic defrost system in which succes-
sive defrost cycles are determined by an op-
erating condition variable or variables other 
than solely compressor operating time. This 
includes any electrical or mechanical device 
performing this function. A control scheme 
that changes the defrost interval from a 
fixed length to an extended length (without 
any intermediate steps) is not considered a 
variable defrost control. A variable defrost 
control feature should predict the accumula-
tion of frost on the evaporator and react ac-
cordingly. Therefore, the times between de-
frost should vary with different usage pat-
terns and include a continuum of lengths of 
time between defrosts as inputs vary. 

2. Test Conditions 

2.1 Ambient Temperature Measurement. 
Temperature measuring devices shall be 
shielded so that indicated temperatures are 
not affected by the operation of the con-
densing unit or adjacent units. 

2.1.1 Ambient Temperature. The ambient 
temperature shall be recorded at points lo-
cated 3 feet (91.5 cm) above the floor and 10 
inches (25.4 cm) from the center of the two 
sides of the unit under test. The ambient 
temperature shall be 90.0 ± 1.0 °F (32.2 ± 0.6 °C) 
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during the stabilization period and the test 
period. 

2.1.2 Ambient Temperature Gradient. The 
test room vertical ambient temperature gra-
dient in any foot of vertical distance from 2 
inches (5.1 cm) above the floor or supporting 
platform to a height of 1 foot (30.5 cm) above 
the top of the unit under test is not to ex-
ceed 0.5 °F per foot (0.9 °C per meter). The 
vertical ambient temperature gradient at lo-
cations 10 inches (25.4 cm) out from the cen-
ters of the two sides of the unit being tested 
is to be maintained during the test. To dem-
onstrate that this requirement has been met, 
test data must include measurements taken 
using temperature sensors at locations 10 
inches (25.4 cm) from the center of the two 
sides of the unit under test at heights of 2 
inches (5.1 cm) and 36 inches (91.4 cm) above 
the floor or supporting platform and at a 
height of 1 foot (30.5 cm) above the unit 
under test. 

2.1.3 Platform. A platform must be used if 
the floor temperature is not within 3 °F (1.7 
°C) of the measured ambient temperature. If 
a platform is used, it is to have a solid top 
with all sides open for air circulation under-
neath, and its top shall extend at least 1 foot 
(30.5 cm) beyond each side and front of the 
unit under test and extend to the wall in the 
rear. 

2.2 Operational Conditions. The unit 
under test shall be installed and its oper-
ating conditions maintained in accordance 
with HRF–1–2008 (incorporated by reference; 
see § 430.3), sections 5.3.2 through section 
5.5.5.5 (excluding section 5.5.5.4). Exceptions 
and clarifications to the cited sections of 
HRF–1–2008 are noted in sections 2.3 through 
2.8, and 5.1 of this appendix. 

2.3 Anti-Sweat Heaters. The anti-sweat 
heater switch is to be on during one test and 
off during a second test. In the case of an 
electric refrigerator-freezer equipped with 
variable anti-sweat heater control, the 
standard cycle energy use shall be the result 
of the calculation described in 6.2.3. 

2.4 Conditions for Automatic Defrost Re-
frigerator-Freezers. For automatic defrost 
refrigerator-freezers, the freezer compart-
ments shall not be loaded with any frozen 
food packages during testing. Cylindrical 
metallic masses of dimensions 1.12 ±0.25 
inches (2.9 ±0.6 cm) in diameter and height 
shall be attached in good thermal contact 
with each temperature sensor within the re-
frigerated compartments. All temperature 
measuring sensor masses shall be supported 
by low-thermal-conductivity supports in 
such a manner to ensure that there will be at 
least 1 inch (2.5 cm) of air space separating 
the thermal mass from contact with any in-
terior surface or hardware inside the cabinet. 
In case of interference with hardware at the 
sensor locations specified in section 5.1, the 
sensors shall be placed at the nearest adja-
cent location such that there will be a 1-inch 

air space separating the sensor mass from 
the hardware. 

2.5 Conditions for All-Refrigerators. There 
shall be no load in the freezer compartment 
during the test. 

2.6 The cabinet and its refrigerating mech-
anism shall be assembled and set up in ac-
cordance with the printed consumer instruc-
tions supplied with the cabinet. Set-up of the 
refrigerator or refrigerator-freezer shall not 
deviate from these instructions, unless ex-
plicitly required or allowed by this test pro-
cedure. Specific required or allowed devi-
ations from such set-up include the fol-
lowing: 

(a) Connection of water lines and installa-
tion of water filters are not required; 

(b) Clearance requirements from surfaces 
of the product shall be as described in sec-
tion 2.8 of this appendix; 

(c) The electric power supply shall be as 
described in HRF–1–2008 (incorporated by ref-
erence; see § 430.3), section 5.5.1; 

(d) Temperature control settings for test-
ing shall be as described in section 3 below. 
Settings for convertible compartments and 
other temperature-controllable or special 
compartments shall be as described in sec-
tion 2.7 of this appendix; 

(e) The product does not need to be an-
chored or otherwise secured to prevent tip-
ping during energy testing; 

(f) All the product’s chutes and throats re-
quired for the delivery of ice shall be free of 
packing, covers, or other blockages that may 
be fitted for shipping or when the icemaker 
is not in use; and 

(g) Ice storage bins shall be emptied of ice. 
For cases in which set-up is not clearly de-

fined by this test procedure, manufacturers 
must submit a petition for a waiver (see sec-
tion 7). 

2.7 Compartments that are convertible 
(e.g., from fresh food to freezer) shall be op-
erated in the highest energy use position. 
For the special case of convertible separate 
auxiliary compartments, this means that the 
compartment shall be treated as a freezer 
compartment or a fresh food compartment, 
depending on which of these represents high-
er energy use. Special compartments shall be 
tested with controls set to provide the cold-
est temperature. However, for special com-
partments in which temperature control is 
achieved using the addition of heat (includ-
ing resistive electric heating, refrigeration 
system waste heat, or heat from any other 
source, but excluding the transfer of air from 
another part of the interior of the product) 
for any part of the controllable temperature 
range of that compartment, the product en-
ergy use shall be determined by averaging 
two sets of tests. The first set of tests shall 
be conducted with such special compart-
ments at their coldest settings, and the sec-
ond set of tests shall be conducted with such 
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special compartments at their warmest set-
tings. The requirements for the warmest or 
coldest temperature settings of this section 
do not apply to features or functions associ-
ated with temperature control (such as fast 
chill compartments) that are initiated 
manually and terminated automatically 
within 168 hours. 

2.8 Rear Clearance. 
(a) General. The space between the lowest 

edge of the rear plane of the cabinet and a 
vertical surface (the test room wall or simu-
lated wall) shall be the minimum distance in 
accordance with the manufacturer’s instruc-
tions, unless other provisions of this section 
apply. The rear plane shall be considered to 
be the largest flat surface at the rear of the 
cabinet, excluding features that protrude be-
yond this surface, such as brackets or com-
pressors. 

(b) Maximum clearance. The clearance 
shall not be greater than 2 inches (51 mm) 
from the lowest edge of the rear plane to the 
vertical surface, unless the provisions of 
paragraph (c) of this section apply. 

(c) If permanent rear spacers or other com-
ponents that protrude beyond the rear plane 
extend further than the 2 inch (51 mm) dis-
tance, or if the highest edge of the rear plane 
is in contact with the vertical surface when 
the unit is positioned with the lowest edge of 
the rear plane at or further than the 2 inch 
(51 mm) distance from the vertical surface, 
the appliance shall be located with the spac-
ers or other components protruding beyond 
the rear plane, or the highest edge of the 
rear plane, in contact with the vertical sur-
face. 

(d) Rear-mounted condensers. If the prod-
uct has a flat rear-wall-mounted condenser 
(i.e., a rear-wall-mounted condenser with all 
refrigerant tube centerlines within 0.25 
inches (6.4 mm) of the condenser plane), and 
the area of the condenser plane represents at 
least 25% of the total area of the rear wall of 
the cabinet, then the spacing to the vertical 
surface may be measured from the lowest 
edge of the condenser plane. 

2.9 Steady-State Condition. Steady-state 
conditions exist if the temperature measure-
ments in all measured compartments taken 
at 4-minute intervals or less during a sta-
bilization period are not changing at a rate 
greater than 0.042 °F (0.023 °C) per hour as de-
termined by the applicable condition of A or 
B, described below. 

A. The average of the measurements dur-
ing a 2-hour period if no cycling occurs or 
during a number of complete repetitive com-
pressor cycles occurring through a period of 
no less than 2 hours is compared to the aver-
age over an equivalent time period with 3 
hours elapsing between the two measure-
ment periods. 

B. If A above cannot be used, the average 
of the measurements during a number of 
complete repetitive compressor cycles occur-

ring through a period of no less than 2 hours 
and including the last complete cycle before 
a defrost period (or if no cycling occurs, the 
average of the measurements during the last 
2 hours before a defrost period) are compared 
to the same averaging period before the fol-
lowing defrost period. 

2.10 Exterior Air for Externally Vented Re-
frigerator or Refrigerator-Freezer. An exte-
rior air source shall be provided with adjust-
able temperature and pressure capabilities. 
The exterior air temperature shall be adjust-
able from 30 ±1 °F (1.7 ±0.6 °C) to 90 ±1 °F (32.2 
±0.6 °C). 

2.10.1 Air Duct. The exterior air shall pass 
from the exterior air source to the test unit 
through an insulated air duct. 

2.10.2 Air Temperature Measurement. The 
air temperature entering the condenser or 
condenser/compressor compartment shall be 
maintained to ±3 °F (1.7 °C) during the sta-
bilization and test periods and shall be meas-
ured at the inlet point of the condenser or 
condenser/compressor compartment (‘‘con-
denser inlet’’). Temperature measurements 
shall be taken from at least three tempera-
ture sensors or one sensor per 4 square inches 
(25.8 square cm) of the air duct cross-sec-
tional area, whichever is greater, and shall 
be averaged. For a unit that has a condenser 
air fan, a minimum of three temperature 
sensors at the condenser fan discharge shall 
be required. Temperature sensors shall be ar-
ranged to be at the centers of equally divided 
cross-sectional areas. The exterior air tem-
perature, at its source, shall be measured 
and maintained to ±1 °F (0.6 °C) during the 
test period. The temperature measuring de-
vices shall have an error no greater than ±0.5 
°F (±0.3 °C). Measurements of the air tem-
perature during the test period shall be 
taken at regular intervals not to exceed 4 
minutes. 

2.10.3 Exterior Air Static Pressure. The ex-
terior air static pressure at the inlet point of 
the unit shall be adjusted to maintain a neg-
ative pressure of 0.20″ ±0.05″ water column (62 
Pascals ±12.5 Pascals) for all air flow rates 
supplied to the unit. The pressure sensor 
shall be located on a straight duct with a 
distance of at least 7.5 times the diameter of 
the duct upstream and a distance of at least 
3 times the diameter of the duct down-
stream. There shall be four static pressure 
taps at 90° angles apart. The four pressures 
shall be averaged by interconnecting the 
four pressure taps. The air pressure meas-
uring instrument shall have an error no 
greater than 0.01’’ water column (2.5 
Pascals). 

2.11 Refrigerators and Refrigerator-Freez-
ers with Demand-Response Capability. Re-
frigerators and refrigerator-freezers that 
have a communication module for demand- 
response functions that is located within the 
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cabinet shall be tested with the communica-
tion module in the configuration set at the 
factory just before shipping. 

3. Test Control Settings 

3.1 Model with no User Operable Tempera-
ture Control. A test shall be performed to 
measure the compartment temperatures and 
energy use. A second test shall be performed 
with the temperature control electrically 
short circuited to cause the compressor to 
run continuously. 

3.2 Models with User Operable Temperature 
Control. Testing shall be performed in ac-
cordance with one of the following sections 
using the following standardized tempera-
tures: 

All-Refrigerator: 39 °F (3.9 °C) fresh food 
compartment temperature; 

Refrigerator: 15 °F (¥9.4 °C) freezer com-
partment temperature, 39 °F (3.9 °C) fresh 
food compartment temperature; 

Refrigerator-Freezer: 0 °F (¥17.8 °C) freezer 
compartment temperature, 39 °F (3.9 °C) 
fresh food compartment temperature. 

For the purposes of comparing compart-
ment temperatures with standardized tem-
peratures, as described in sections 3.2.1 and 
3.2.2, the freezer compartment temperature 
shall be as specified in section 5.1.4, and the 
fresh food compartment temperature shall 
be as specified in section 5.1.3. 

3.2.1 A first test shall be performed with 
all compartment temperature controls set at 
their median position midway between their 
warmest and coldest settings. For mechan-
ical control systems, (a) knob detents shall 
be mechanically defeated if necessary to at-
tain a median setting, and (b) the warmest 

and coldest settings shall correspond to the 
positions in which the indicator is aligned 
with control symbols indicating the warmest 
and coldest settings. For electronic control 
systems, the test shall be performed with all 
compartment temperature controls set at 
the average of the coldest and warmest set-
tings; if there is no setting equal to this av-
erage, the setting closest to the average 
shall be used. If there are two such settings 
equally close to the average, the higher of 
these temperature control settings shall be 
used. A second test shall be performed with 
all controls set at their warmest setting or 
all controls set at their coldest setting (not 
electrically or mechanically bypassed). For 
all-refrigerators, this setting shall be the ap-
propriate setting that attempts to achieve 
compartment temperatures measured during 
the two tests that bound (i.e., one is above 
and one is below) the standardized tempera-
ture for all-refrigerators. For refrigerators 
and refrigerator-freezers, the second test 
shall be conducted with all controls at their 
coldest setting, unless all compartment tem-
peratures measured during the first part of 
the test are lower than the standardized 
temperatures, in which case the second test 
shall be conducted with all controls at their 
warmest setting. Refer to Table 1 of this ap-
pendix for all-refrigerators or Table 2 of this 
appendix for refrigerators with freezer com-
partments and refrigerator-freezers to deter-
mine which test results to use in the energy 
consumption calculation. If any compart-
ment is warmer than its standardized tem-
perature for a test with all controls at their 
coldest position, the tested unit fails the test 
and cannot be rated. 

TABLE 1—TEMPERATURE SETTINGS FOR ALL-REFRIGERATORS 

First test Second test Energy calculation based 
on: Settings Results Settings Results 

Mid ............................... Low ............................. Warm .......................... Low ............................. Second Test Only. 
High ............................ First and Second Tests. 

High ............................ Cold ............................ Low ............................. First and Second Tests. 
High ............................ No Energy Use Rating. 

TABLE 2—TEMPERATURE SETTINGS FOR REFRIGERATORS WITH FREEZER COMPARTMENTS AND 
REFRIGERATOR-FREEZERS 

First test Second test Energy calculation based 
on: Settings Results Settings Results 

Fzr Mid ......................... Fzr Low ...................... Fzr Warm ................... Fzr Low ...................... Second Test Only. 
FF Mid ......................... FF Low ....................... FF Warm .................... FF Low. 

Fzr Low ...................... First and Second Tests. 
FF High. 
Fzr High ..................... First and Second Tests. 
FF Low. 
Fzr High ..................... First and Second Tests. 
FF High. 

Fzr Low ...................... Fzr Cold ..................... Fzr Low ...................... No Energy Use Rating. 
FF High ...................... FF Cold ...................... FF High. 

Fzr Low ...................... First and Second Tests. 
FF Low. 
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TABLE 2—TEMPERATURE SETTINGS FOR REFRIGERATORS WITH FREEZER COMPARTMENTS AND 
REFRIGERATOR-FREEZERS—Continued 

First test Second test Energy calculation based 
on: Settings Results Settings Results 

Fzr High ..................... Fzr Cold ..................... Fzr High ..................... No Energy Use Rating. 
FF Low ....................... FF Cold ...................... FF Low. 

Fzr Low ...................... First and Second Tests. 
FF Low. 

Fzr High ..................... Fzr Cold ..................... Fzr Low ...................... First and Second Tests. 
FF High ...................... FF Cold ...................... FF Low. 

Fzr Low ...................... No Energy Use Rating. 
FF High. 
Fzr High ..................... No Energy Use Rating. 
FF Low. 
Fzr High ..................... No Energy Use Rating. 
FF High. 

Notes: Fzr = Freezer Compartment, FF = Fresh Food Compartment. 

3.2.2 Alternatively, a first test may be per-
formed with all temperature controls set at 
their warmest setting. If all compartment 
temperatures are below the appropriate 
standardized temperatures, then the result 
of this test alone will be used to determine 
energy consumption. If this condition is not 
met, then the unit shall be tested in accord-
ance with 3.2.1. 

3.2.3 Temperature Settings for Separate 
Auxiliary Convertible Compartments. For 
separate auxiliary convertible compartments 
tested as freezer compartments, the median 
setting shall be within 2 °F (1.1 °C) of the 
standardized temperature, and the warmest 
setting shall be above 5 °F (¥15 °C). For sepa-
rate auxiliary convertible compartments 
tested as fresh food compartments, the me-
dian setting shall be within 2 °F (1.1 °C) of 
the standardized temperature, and the cold-
est setting shall be below 34 °F (1.1 °C). For 
compartments where control settings are not 
expressed as particular temperatures, the 
measured temperature of the convertible 
compartment rather than the settings shall 
meet the specified criteria. 

3.3 Optional Test for Models with Two 
Compartments and User Operable Controls. 
As an alternative to section 3.2, perform 
three tests such that the set of tests meets 
the ‘‘minimum requirements for interpola-
tion’’ of AS/NZS 4474.1:2007 (incorporated by 
reference; see § 430.3) appendix M, section M3, 
paragraphs (a) through (c) and as illustrated 
in Figure M1. The target temperatures txA 
and txB defined in section M4(a)(i) of AS/NZ 
4474.1:2007 shall be the standardized tempera-
tures defined in section 3.2 of this appendix. 

4. Test Period 

Tests shall be performed by establishing 
the conditions set forth in section 2, and 
using the control settings set forth in sec-
tion 3. 

4.1 Non-automatic Defrost. If the model 
being tested has no automatic defrost sys-

tem, the test period shall start after steady- 
state conditions (see section 2.9 of this ap-
pendix) have been achieved and be no less 
than three hours in duration. During the test 
period, the compressor motor shall complete 
two or more whole compressor cycles. (A 
compressor cycle is a complete ‘‘on’’ and a 
complete ‘‘off’’ period of the motor.) If no 
‘‘off’’ cycling occurs, the test period shall be 
three hours. If fewer than two compressor 
cycles occur during a 24-hour period, then a 
single complete compressor cycle may be 
used. 

4.2 Automatic Defrost. If the model being 
tested has an automatic defrost system, the 
test period shall start after steady-state con-
ditions have been achieved and be from one 
point during a defrost period to the same 
point during the next defrost period. If the 
model being tested has a long-time auto-
matic defrost system, the alternative provi-
sions of section 4.2.1 may be used. If the 
model being tested has a variable defrost 
control, the provisions of section 4.2.2 shall 
apply. If the model is a multiple-compressor 
product with automatic defrost, the provi-
sions of section 4.2.3 shall apply. If the model 
being tested has long-time automatic or 
variable defrost control involving multiple 
defrost cycle types, such as for a product 
with a single compressor and two or more 
evaporators in which the evaporators are de-
frosted at different frequencies, the provi-
sions of section 4.2.4 shall apply. If the model 
being tested has multiple defrost cycle types 
for which compressor run time between 
defrosts is a fixed time of less than 14 hours 
for all such cycle types, and for which the 
compressor run times between defrosts for 
different defrost cycle types are equal to or 
multiples of each other, the test period shall 
be from one point of the defrost cycle type 
with the longest compressor run time be-
tween defrosts to the same point during the 
next occurrence of this defrost cycle type. 
For such products not using the procedures 
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of section 4.2.4, energy consumption shall be 
calculated as described in section 5.2.1.1 of 
this appendix. 

4.2.1 Long-time Automatic Defrost. If the 
model being tested has a long-time auto-
matic defrost system, the two-part test de-
scribed in this section may be used. The first 
part is a stable period of compressor oper-
ation that includes no portions of the defrost 
cycle, such as precooling or recovery, that is 
otherwise the same as the test for a unit 
having no defrost provisions (section 4.1). 
The second part is designed to capture the 
energy consumed during all of the events oc-
curring with the defrost control sequence 
that are outside of stable operation. 

4.2.1.1 Cycling Compressor System. For a 
system with a cycling compressor, the sec-
ond part of the test starts at the termination 
of the last regular compressor ‘‘on’’ cycle. 
The average temperatures of the fresh food 
and freezer compartments measured from 
the termination of the previous compressor 
‘‘on’’ cycle to the termination of the last 
regular compressor ‘‘on’’ cycle must both be 
within 0.5 °F (0.3 °C) of their average tem-
peratures measured for the first part of the 
test. If any compressor cycles occur prior to 
the defrost heater being energized that cause 
the average temperature in either compart-
ment to deviate from its average tempera-
ture for the first part of the test by more 
than 0.5 °F (0.3 °C), these compressor cycles 
are not considered regular compressor cycles 

and must be included in the second part of 
the test. As an example, a ‘‘precooling’’ 
cycle, which is an extended compressor cycle 
that lowers the temperature(s) of one or both 
compartments prior to energizing the defrost 
heater, must be included in the second part 
of the test. The test period for the second 
part of the test ends at the termination of 
the first regular compressor ‘‘on’’ cycle after 
both compartment temperatures have fully 
recovered to their stable conditions. The av-
erage temperatures of the compartments 
measured from this termination of the first 
regular compressor ‘‘on’’ cycle until the ter-
mination of the next regular compressor 
‘‘on’’ cycle must both be within 0.5 °F (0.3 °C) 
of their average temperatures measured for 
the first part of the test. See Figure 1. Note 
that Figure 1 illustrates the concepts of 
precooling and recovery but does not rep-
resent all possible defrost cycles. 

4.2.1.2 Non-cycling Compressor System. 
For a system with a non-cycling compressor, 
the second part of the test starts at a time 
before defrost during stable operation when 
the temperatures of both fresh food and 
freezer compartments are within 0.5 °F (0.3 
°C) of their average temperatures measured 
for the first part of the test. The second part 
stops at a time after defrost during stable 
operation when the temperatures of both 
compartments are within 0.5 °F (0.3 °C) of 
their average temperatures measured for the 
first part of the test. See Figure 2. 
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4.2.2 Variable Defrost Control. If the model 
being tested has a variable defrost control 
system, the test shall consist of the same 
two parts as the test for long-time auto-
matic defrost (section 4.2.1). 

4.2.3 Multiple-compressor Products with 
Automatic Defrost. 

4.2.3.1 Measurement Frequency. Measure-
ments of power input, cumulative electric 
energy consumption (watt-hours or kilowatt- 
hours), and compartment temperature shall 
be taken at regular intervals not exceeding 
one minute. 

4.2.3.2 Steady-state Condition. Steady 
state shall be considered to have been at-
tained after 24 hours of operation after the 
last adjustment of the temperature controls. 

4.2.3.3 Primary Compressor. If at least one 
compressor cycles, test periods shall be 
based on compressor cycles associated with 
the primary compressor system (these are 
referred to as ‘‘primary compressor cycles’’). 

If the freezer compressor cycles, it shall be 
the primary compressor system. 

4.2.3.4 Test Periods. The two-part test de-
scribed in this section shall be used. The 
first part is a stable continuous period of 
compressor operation that includes no de-
frost cycles or events associated with a de-
frost cycle, such as precooling or recovery, 
for any compressor system. The second part 
is a continuous test period designed to cap-
ture the energy consumed during all of the 
events occurring with the defrost control se-
quence that are outside of stable operation. 
The second part of the test shall be con-
ducted separately for each automatic defrost 
system present. 

4.2.3.4.1 First Part of Test. If at least one 
compressor cycles, the test period for the 
first part of the test shall include a whole 
number of complete primary compressor cy-
cles comprising at least 24 hours of stable op-
eration, unless a defrost occurs prior to com-
pletion of 24 hours of stable operation, in 
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which case the first part of the test shall in-
clude a whole number of complete primary 
compressor cycles comprising at least 18 
hours of stable operation. If no compressor 
cycles, the first part of the test shall com-
prise at least 24 hours of stable operation, 
unless a defrost occurs prior to completion of 
24 hours of stable operation, in which case 
the first part of the test shall comprise at 
least 18 hours of stable operation. 

4.2.3.4.2 Second Part of Test. (a) If at least 
one compressor cycles, the test period for 
the second part of the test starts during sta-
ble operation before all portions of the de-
frost cycle, at the beginning of a complete 
primary compressor cycle. The test period 
for the second part of the test ends during 
stable operation after all portions of the de-
frost cycle, including recovery, at the termi-
nation of a complete primary compressor 
cycle. The start and stop for the test period 
shall both occur either when the primary 
compressor starts or when the primary com-
pressor stops. For each compressor system, 
the compartment temperature averages for 
the first and last complete compressor cycles 
that lie completely within the second part of 
the test must be within 0.5 °F (0.3 °C) of the 
average compartment temperature measured 
for the first part of the test. If any one of the 
compressor systems is non-cycling, its com-
partment temperature averages during the 
first and last complete primary compressor 
cycles of the second part of the test must be 
within 0.5 °F (0.3 °C) of the average compart-
ment temperature measured for the first 
part of the test. 

(b) If no compressor cycles, the test period 
for the second part of the test starts during 
stable operation before all portions of the de-
frost cycle, when the compartment tempera-
tures of all compressor systems are within 
0.5 °F (0.3 °C) of their average temperatures 
measured for the first part of the test. The 
test period for the second part ends during 
stable operation after all portions of the de-
frost cycle, including recovery, when the 
compartment temperatures of all compressor 
systems are within 0.5 °F (0.3 °C) of their av-
erage temperatures measured for the first 
part of the test. 

4.2.4 Systems with Multiple Defrost Fre-
quencies. This section applies to models with 
long-time automatic or variable defrost con-
trol with multiple defrost cycle types, such 
as models with single compressors and mul-
tiple evaporators in which the evaporators 
have different defrost frequencies. The two- 
part method in 4.2.1 shall be used. The sec-
ond part of the method will be conducted 
separately for each distinct defrost cycle 
type. 

5. Test Measurements 

5.1 Temperature Measurements. (a) Tem-
perature measurements shall be made at the 
locations prescribed in Figures 5.1 and 5.2 of 

HRF–1–2008 (incorporated by reference; see 
§ 430.3) and shall be accurate to within ±0.5 °F 
(0.3 °C). No freezer temperature measure-
ments need be taken in an all-refrigerator 
model. 

(b) If the interior arrangements of the unit 
under test do not conform with those shown 
in Figure 5.1 and 5.2 of HRF–1–2008, the unit 
must be tested by relocating the tempera-
ture sensors from the locations specified in 
the figures to avoid interference with hard-
ware or components within the unit, in 
which case the specific locations used for the 
temperature sensors shall be noted in the 
test data records maintained by the manu-
facturer in accordance with 10 CFR 429.71, 
and the certification report shall indicate 
that non-standard sensor locations were 
used. If any temperature sensor is relocated 
by any amount from the location prescribed 
in Figure 5.1 or 5.2 of HRF–1–2008 in order to 
maintain a minimum 1-inch air space from 
adjustable shelves or other components that 
could be relocated by the consumer, this con-
stitutes a relocation of temperature sensors 
that shall be recorded in the test data and 
reported in the certification report as de-
scribed above. 

5.1.1 Measured Temperature. The meas-
ured temperature of a compartment is the 
average of all sensor temperature readings 
taken in that compartment at a particular 
point in time. Measurements shall be taken 
at regular intervals not to exceed 4 minutes. 
Measurements for products with multiple- 
compressor systems shall be taken at regular 
intervals not to exceed one minute. 

5.1.2 Compartment Temperature. The 
compartment temperature for each test pe-
riod shall be an average of the measured 
temperatures taken in a compartment dur-
ing the test period as defined in section 4 of 
this appendix. For long-time automatic de-
frost models, compartment temperatures 
shall be those measured in the first part of 
the test period specified in section 4.2.1 of 
this appendix. For models with variable de-
frost controls, compartment temperatures 
shall be those measured in the first part of 
the test period specified in section 4.2.2 of 
this appendix. For models with automatic 
defrost that is neither long-time nor variable 
defrost, the compartment temperature shall 
be an average of the measured temperatures 
taken in a compartment during a stable pe-
riod of compressor operation that (a) in-
cludes no defrost cycles or events associated 
with a defrost cycle, such as precooling or 
recovery, (b) is no less than three hours in 
duration, and (c) includes two or more whole 
compressor cycles. If the compressor does 
not cycle, the stable period used for the tem-
perature average shall be three hours in du-
ration. 

5.1.3 Fresh Food Compartment Tempera-
ture. The fresh food compartment tempera-
ture shall be calculated as: 
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Where: 
R is the total number of applicable fresh food 

compartments, which include the first 
fresh food compartment and any number 
of separate auxiliary fresh food compart-
ments (including separate auxiliary con-
vertible compartments tested as fresh 
food compartments in accordance with 
section 2.7); 

TRi is the compartment temperature of fresh 
food compartment ‘‘i’’ determined in ac-
cordance with section 5.1.2; and 

VRi is the volume of fresh food compartment 
‘‘i’’. 

5.1.4 Freezer Compartment Temperature. 
The freezer compartment temperature shall 
be calculated as: 

Where: 

F is the total number of applicable freezer 
compartments, which include the first 
freezer compartment and any number of 
separate auxiliary freezer compartments 
(including separate auxiliary convertible 
compartments tested as freezer compart-
ments in accordance with section 2.7); 

TFi is the compartment temperature of 
freezer compartment ‘‘i’’ determined in 
accordance with section 5.1.2; and 

VFi is the volume of freezer compartment 
‘‘i’’. 

5.2 Energy Measurements 
5.2.1 Per-Day Energy Consumption. The en-

ergy consumption in kilowatt-hours per day, 
ET, for each test period shall be the energy 
expended during the test period as specified 
in section 4 adjusted to a 24-hour period. The 
adjustment shall be determined as follows. 

5.2.1.1 Nonautomatic and Automatic De-
frost Models. The energy consumption in kil-
owatt-hours per day shall be calculated 
equivalent to: 
ET = EP × 1440/T 

Where: 

ET = test cycle energy expended in kilowatt- 
hours per day; 

EP = energy expended in kilowatt-hours dur-
ing the test period; 

T = length of time of the test period in min-
utes; and 

1440 = conversion factor to adjust to a 24- 
hour period in minutes per day. 

5.2.1.2 Long-time Automatic Defrost. If the 
two-part test method is used, the energy 
consumption in kilowatt-hours per day shall 
be calculated equivalent to: 
ET = (1440 × EP1/T1) + (EP2 ¥ (EP1 × T2/T1)) 

× (12/CT) 

Where: 

ET and 1440 are defined in 5.2.1.1; 

EP1 = energy expended in kilowatt-hours 
during the first part of the test; 

EP2 = energy expended in kilowatt-hours 
during the second part of the test; 

T1 and T2 = length of time in minutes of the 
first and second test parts respectively; 

CT = defrost timer run time or compressor 
run time between defrosts in hours re-
quired to cause it to go through a com-
plete cycle, rounded to the nearest tenth 
of an hour; and 

12 = factor to adjust for a 50-percent run 
time of the compressor in hours per day. 

5.2.1.3 Variable Defrost Control. The en-
ergy consumption in kilowatt-hours per day 
shall be calculated equivalent to: 

ET = (1440 × EP1/T1) + (EP2 ¥ (EP1 × T2/T1)) 
× (12/CT), 

Where: 

1440 is defined in 5.2.1.1 and EP1, EP2, T1, T2, 
and 12 are defined in 5.2.1.2; 

CT = (CTL × CTM)/(F × (CTM ¥ CTL) + CTL); 
CTL = the shortest compressor run time be-

tween defrosts used in the variable de-
frost control algorithm (greater than or 
equal to 6 but less than or equal to 12 
hours), or the shortest compressor run 
time between defrosts observed for the 
test (if it is shorter than the shortest run 
time used in the control algorithm and is 
greater than 6 hours), or 6 hours (if the 
shortest observed run time is less than 6 
hours), in hours rounded to the nearest 
tenth of an hour; 

CTM = maximum compressor run time be-
tween defrosts in hours rounded to the 
nearest tenth of an hour (greater than 
CTL but not more than 96 hours); 

F = ratio of per day energy consumption in 
excess of the least energy and the max-
imum difference in per-day energy con-
sumption and is equal to 0.20. 
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For variable defrost models with no values 
for CTL and CTM in the algorithm, the de-
fault values of 6 and 96 shall be used, respec-
tively. 

5.2.1.4 Multiple-compressor Products with 
Automatic Defrost. For multiple-compressor 
products, the two-part test method in sec-
tion 4.2.3.4 of this appendix must be used. 
The energy consumption in kilowatt-hours 
per day shall be calculated equivalent to: 

Where: 
1440, EP1, T1, and 12 are defined in 5.2.1.2; 
i = a variable that can equal 1, 2, or more 

that identifies each individual com-
pressor system that has automatic de-
frost; 

D = the total number of compressor systems 
with automatic defrost; 

EP2i = energy expended in kilowatt-hours 
during the second part of the test for 
compressor system i; 

T2i = length of time in minutes of the second 
part of the test for compressor system i; 

CTi = the compressor run time between 
defrosts for compressor system i in hours 
rounded to the nearest tenth of an hour, 
for long-time automatic defrost control 
equal to a fixed time in hours, and for 
variable defrost control equal to 

(CTLi × CTMi)/(F × (CTMi ¥ CTLi) + CTLi); 
Where: 

CTLi = for compressor system i, the short-
est compressor run time between defrosts 
used in the variable defrost control algo-
rithm (greater than or equal to 6 but less 

than or equal to 12 hours), or the shortest 
compressor run time between defrosts ob-
served for the test (if it is shorter than the 
shortest run time used in the control algo-
rithm and is greater than 6 hours), or 6 hours 
(if the shortest observed run time is less 
than 6 hours), in hours rounded to the near-
est tenth of an hour; 
CTMi = for compressor system i, the max-

imum compressor run time between 
defrosts in hours rounded to the nearest 
tenth of an hour (greater than CTLi but 
not more than 96 hours); and 

F = default defrost energy consumption fac-
tor, equal to 0.20. 

For variable defrost models with no values 
for CTLi and CTMi in the algorithm, the de-
fault values of 6 and 96 shall be used, respec-
tively. 

5.2.1.5 Long-time or Variable Defrost Con-
trol for Systems with Multiple Defrost cycle 
Types. The energy consumption in kilowatt- 
hours per day shall be calculated equivalent 
to: 

Where: 
1440 is defined in 5.2.1.1 and EP1, T1, and 12 

are defined in 5.2.1.2; 
i is a variable that can equal 1, 2, or more 

that identifies the distinct defrost cycle 
types applicable for the refrigerator or 
refrigerator-freezer; 

EP2i = energy expended in kilowatt-hours 
during the second part of the test for de-
frost cycle type i; 

T2i = length of time in minutes of the second 
part of the test for defrost cycle type i; 

CTi is the compressor run time between in-
stances of defrost cycle type i, for long- 
time automatic defrost control equal to 
a fixed time in hours rounded to the 

nearest tenth of an hour, and for variable 
defrost control equal to 

(CTLi × CTMi)/(F × (CTMi ¥ CTLi) + CTLi); 

CTLi = least or shortest compressor run time 
between instances of defrost cycle type i 
in hours rounded to the nearest tenth of 
an hour (CTL for the defrost cycle type 
with the longest compressor run time be-
tween defrosts must be greater than or 
equal to 6 but less than or equal to 12 
hours); 

CTMi = maximum compressor run time be-
tween instances of defrost cycle type i in 
hours rounded to the nearest tenth of an 
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hour (greater than CTLi but not more 
than 96 hours); 

For cases in which there are more than one 
fixed CT value (for long-time defrost models) 
or more than one CTM and/or CTL value (for 
variable defrost models) for a given defrost 
cycle type, an average fixed CT value or av-
erage CTM and CTL values shall be selected 
for this cycle type so that 12 divided by this 
value or values is the frequency of occur-
rence of the defrost cycle type in a 24 hour 
period, assuming 50% compressor run time. 
F = default defrost energy consumption fac-

tor, equal to 0.20. 
For variable defrost models with no values 

for CT Li and CTMi in the algorithm, the de-
fault values of 6 and 96 shall be used, respec-
tively. 
D is the total number of distinct defrost 

cycle types. 
5.3 Volume Measurements. (a) The unit’s 

total refrigerated volume, VT, shall be meas-
ured in accordance with HRF–1–2008 (incor-
porated by reference; see § 430.3), section 3.30 
and sections 4.2 through 4.3. The measured 
volume shall include all spaces within the 
insulated volume of each compartment ex-
cept for the volumes that must be deducted 
in accordance with section 4.2.2 of HRF–1– 
2008, and be calculated equivalent to: 
VT = VF + VFF 
Where: 
VT = total refrigerated volume in cubic feet, 
VF = freezer compartment volume in cubic 

feet, and 
VFF = fresh food compartment volume in 

cubic feet. 

(b) In the case of products with automatic 
icemakers, the volume occupied by the auto-
matic icemaker, including its ice storage 
bin, is to be included in the volume measure-
ment. 

(c) Total refrigerated volume is determined 
by physical measurement of the test unit. 
Measurements and calculations used to de-
termine the total refrigerated volume shall 
be retained as part of the test records under-
lying the certification of the basic model in 
accordance with 10 CFR 429.71. 

5.4 Externally Vented Refrigerator or Re-
frigerator-Freezer Units. All test measure-
ments for the externally vented refrigerator 
or refrigerator-freezer shall be made in ac-
cordance with the requirements of other sec-
tions of this appendix, except as modified in 
this section or other sections expressly ap-
plicable to externally vented refrigerators or 
refrigerator-freezers. 

5.4.1 Operability of ‘‘Thermostatic’’ and 
‘‘Mixing of Air’’ Controls. Before conducting 
energy consumption tests, the operability of 
thermostatic controls that permit the mix-
ing of exterior and ambient air when exterior 
air temperatures are less than 60 °F (15.6 °C) 

must be verified. The operability of such 
controls shall be verified by operating the 
unit under ambient air temperature of 90 °F 
(32.2 °C) and exterior air temperature of 45 °F 
(7.2 °C). If the inlet air entering the con-
denser or condenser/compressor compart-
ment is maintained at 60 ±3 °F (15.6 ±1.7 °C), 
energy consumption of the unit shall be 
measured under 5.4.2.2 and 5.4.2.3. If the inlet 
air entering the condenser or condenser/com-
pressor compartment is not maintained at 60 
±3 °F (15.6 ±1.7 °C), energy consumption of the 
unit shall also be measured under 5.4.2.4. 

5.4.2 Energy Consumption Tests. 
5.4.2.1 Correction Factor Test. To enable 

calculation of a correction factor, K, two full 
cycle tests shall be conducted to measure en-
ergy consumption of the unit with air mix-
ing controls disabled and the condenser inlet 
air temperatures set at 90 °F (32.2 °C) and 80 
°F (26.7 °C). Both tests shall be conducted 
with all compartment temperature controls 
set at the position midway between their 
warmest and coldest settings and the anti- 
sweat heater switch off. Record the energy 
consumptions ec90 and ec80, in kWh/day. 

5.4.2.2 Energy Consumption at 90 °F. The 
unit shall be tested at 90 °F (32.2 °C) exterior 
air temperature to record the energy con-
sumptions (e90)i in kWh/day. For a given set-
ting of the anti-sweat heater, the value i cor-
responds to each of the two states of the 
compartment temperature control positions. 

5.4.2.3 Energy Consumption at 60 °F. The 
unit shall be tested at 60 °F (26.7 °C) exterior 
air temperature to record the energy con-
sumptions (e60)i in kWh/day. For a given set-
ting of the anti-sweat heater, the value i cor-
responds to each of the two states of the 
compartment temperature control positions. 

5.4.2.4 Energy Consumption if Mixing Con-
trols do not Operate Properly. If the oper-
ability of temperature and mixing controls 
has not been verified as required under 5.4.1, 
the unit shall be tested at 50 °F (10.0 °C) and 
30 °F (-1.1 °C) exterior air temperatures to 
record the energy consumptions (e50)i and 
(e30)i. For a given setting of the anti-sweat 
heater, the value i corresponds to each of the 
two states of the compartment temperature 
control positions. 

6. Calculation of Derived Results From Test 
Measurements 

6.1 Adjusted Total Volume. 
6.1.1 Electric Refrigerators. The adjusted 

total volume, VA, for electric refrigerators 
under test shall be defined as: 

VA = (VF × CR) + VFF 

Where: 

VA = adjusted total volume in cubic feet; 
VF and VFF are defined in 5.3; and 
CR = dimensionless adjustment factor of 1.47 

for refrigerators other than all-refrig-
erators, or 1.0 for all-refrigerators. 
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6.1.2 Electric Refrigerator-Freezers. The 
adjusted total volume, VA, for electric re-
frigerator-freezers under test shall be cal-
culated as follows: 

VA = (VF × CRF) + VFF 

Where: 
VF and VFF are defined in 5.3 and VA is de-

fined in 6.1.1, and 
CRF = dimensionless adjustment factor of 

1.76. 

6.2 Average Per-Cycle Energy Consump-
tion. The average per-cycle energy consump-
tion for a cycle type, E, is expressed in kilo-
watt-hours per cycle to the nearest one hun-
dredth (0.01) kilowatt-hour and shall be cal-
culated according to the sections below. 

6.2.1 All-Refrigerator Models. The average 
per-cycle energy consumption shall depend 
upon the temperature attainable in the fresh 
food compartment as shown below. 

6.2.1.1 If the fresh food compartment tem-
perature is always below 39.0 °F (3.9 °C), the 
average per-cycle energy consumption shall 
be equivalent to: 

E = ET1 

Where: 
ET is defined in 5.2.1; and 
The number 1 indicates the test period dur-

ing which the highest fresh food com-
partment temperature is measured. 

6.2.1.2 If one of the fresh food compartment 
temperatures measured for a test period is 
greater than 39.0 °F (3.9 °C), the average per- 
cycle energy consumption shall be equiva-
lent to: 

E = ET1 + ((ET2 ¥ ET1) × (39.0 ¥ TR1)/(TR2 
¥ TR1)) 

Where: 

ET is defined in 5.2.1; 
TR = fresh food compartment temperature 

determined according to 5.1.3 in degrees 
F; 

The numbers 1 and 2 indicate measurements 
taken during the first and second test pe-
riod as appropriate; and 

39.0 = standardized fresh food compartment 
temperature in degrees F. 

6.2.2 Refrigerators and Refrigerator- 
Freezers. The average per-cycle energy con-
sumption shall be defined in one of the fol-
lowing ways as applicable. 

6.2.2.1 If the fresh food compartment tem-
perature is at or below 39 °F (3.9 °C) during 
both tests and the freezer compartment tem-
perature is at or below 15 °F (¥9.4 °C) during 
both tests of a refrigerator or at or below 0 
°F (¥17.8 °C) during both tests of a refrig-
erator-freezer, the average per-cycle energy 
consumption shall be: 

E = ET1 + IET 

Where: 

ET is defined in 5.2.1; 
IET, expressed in kilowatt-hours per cycle, 

equals 0 (zero) for products without an 
automatic icemaker, and equals 0.23 for 
products with an automatic icemaker; 
and 

The number 1 indicates the test period dur-
ing which the highest freezer compart-
ment temperature was measured. 

6.2.2.2 If the conditions of 6.2.2.1 do not 
exist, the average per-cycle energy consump-
tion shall be defined by the higher of the two 
values calculated by the following two for-
mulas: 
E = ET1 + ((ET2 ¥ ET1) × (39.0 ¥ TR1)/(TR2 

¥ TR1)) + IET 
and 
E = ET1 + ((ET2 ¥ ET1) × (k ¥ TF1)/(TF2 ¥ 

TF1)) + IET 
Where: 
ET is defined in 5.2.1; 
IET is defined in 6.2.2.1; 
TR and the numbers 1 and 2 are defined in 

6.2.1.2; 
TF = freezer compartment temperature de-

termined according to 5.1.4 in degrees F; 
39.0 is the standardized temperature for 
fresh food compartments in degrees F; 
and 

k is a constant 15.0 for refrigerators or 0.0 for 
refrigerator-freezers, each being stand-
ardized freezer compartment tempera-
tures in degrees F. 

6.2.2.3 Optional Test for Models with Two 
Compartments and User Operable Controls. 
If the procedure of section 3.3 of this appen-
dix is used for setting temperature controls, 
the average per-cycle energy consumption 
shall be defined as follows: 
E = EX + IET 
Where: 
E is defined in 6.2.1.1; 
IET is defined in 6.2.2.1; and 
EX is defined and calculated as described in 

AS/NZS 4474.1:2007 (incorporated by ref-
erence; see § 430.3) appendix M, section 
M4(a). The target temperatures txA and 
txB defined in section M4(a)(i) of AS/NZS 
4474.1:2007 shall be the standardized tem-
peratures defined in section 3.2 of this 
appendix. 

6.2.3 Variable Anti-Sweat Heater Models. 
The standard cycle energy consumption of 
an electric refrigerator-freezer with a vari-
able anti-sweat heater control (Estd), ex-
pressed in kilowatt-hours per day, shall be 
calculated equivalent to: 

Estd = E + (Correction Factor) where E is de-
termined by 6.2.1.1, 6.2.1.2, 6.2.2.1, or 
6.2.2.2, whichever is appropriate, with the 
anti-sweat heater switch in the ‘‘off’’ po-
sition or, for a product without an anti- 
sweat heater switch, the anti-sweat heat-
er in its lowest energy use state. 
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Correction Factor = (Anti-sweat Heater 
Power × System-loss Factor) × (24 hrs/1 
day) × (1 kW/1000 W) 

Where: 

Anti-sweat Heater Power = 0.034 * (Heater 
Watts at 5%RH) 

+ 0.211 * (Heater Watts at 15%RH) 
+ 0.204 * (Heater Watts at 25%RH) 
+ 0.166 * (Heater Watts at 35%RH) 
+ 0.126 * (Heater Watts at 45%RH) 
+ 0.119 * (Heater Watts at 55%RH) 
+ 0.069 * (Heater Watts at 65%RH) 
+ 0.047 * (Heater Watts at 75%RH) 
+ 0.008 * (Heater Watts at 85%RH) 
+ 0.015 * (Heater Watts at 95%RH) 
Heater Watts at a specific relative humidity 

= the nominal watts used by all heaters 
at that specific relative humidity, 72 °F 
(22.2 °C) ambient, and DOE reference 
temperatures of fresh food (FF) average 
temperature of 39 °F (3.9 °C) and freezer 
(FZ) average temperature of 0 °F (¥17.8 
°C). 

System-loss Factor = 1.3. 

6.3 Externally vented refrigerator or refrig-
erator-freezers. Per-cycle energy consump-
tion measurements for an externally vented 
refrigerator or refrigerator-freezer shall be 
calculated in accordance with the require-
ments of this appendix, as modified in sec-
tions 6.3.1–6.3.7. 

6.3.1 Correction Factor. The correction fac-
tor, K, shall be calculated as: 

K = ec90/ec80 

Where: 

ec90 and ec80 are measured in section 5.4.2.1. 

6.3.2 Combining Test Results of Different 
Settings of Compartment Temperature Con-
trols. For a given setting of the anti-sweat 
heater, follow the calculation procedures of 
6.2 to combine the test results for energy 
consumption of the unit at different tem-
perature control settings for each condenser 
inlet air temperature tested under 5.4.2.2, 
5.4.2.3, and 5.4.2.4, where applicable, (e90)i, 
(e60)i, (e50)i, and (e30)i. The combined values, 
90, 60, 50, and 30, where applicable, are ex-
pressed in kWh/day. 

6.3.3 Energy Consumption Corrections. For 
a given setting of the anti-sweat heater, ad-
just the energy consumptions 90, 60, 50, and 30 
calculated in 6.3.2 by multiplying the correc-
tion factor K to obtain the corrected energy 
consumptions per day in kWh/day: 

E90 = K × 90, 
E60 = K × 60, 
E50 = K × 50, and 
E30 = K × 30 

Where: 

K is determined under section 6.3.1; and 90, 60, 
50, and 30 are determined under section 
6.3.2. 

6.3.4 Energy Profile Equation. For a given 
setting of the anti-sweat heater, calculate 
the energy consumption EX, in kWh/day, at a 
specific exterior air temperature between 80 
°F (26.7 °C) and 60 °F (26.7 °C) using the fol-
lowing equation: 

EX = E60 + (E90 ¥ E60) × (TX ¥ 60)/30 

Where: 

TX is the exterior air temperature in °F; 
60 is the exterior air temperature in °F for 

the test of section 5.4.2.3; 
30 is the difference between 90 and 60; 
E60 and E90 are determined in section 6.3.3. 

6.3.5 Energy Consumption at 80 °F (26.7 °C), 
75 °F (23.9 °C) and 65 °F (18.3 °C). For a given 
setting of the anti-sweat heater, calculate 
the energy consumptions at 80 °F (26.7 °C), 75 
°F (23.9 °C) and 65 °F (18.3 °C) exterior air 
temperatures, E80, E75 and E65, respectively, 
in kWh/day, using the equation in 6.3.4. 

6.3.6 National Average Per-Cycle Energy 
Consumption. For a given setting of the 
anti-sweat heater, calculate the national av-
erage energy consumption, EN, in kWh/day, 
using one of the following equations: 

EN = 0.523 × E60 + 0.165 × E65 + 0.181 × E75 + 
0.131 × E80, for units not tested under sec-
tion 5.4.2.4; and 

EN = 0.257 × E30 + 0.266 × E50 + 0.165 × E65 + 
0.181 × E75 + 0.131 × E80, for units tested 
under section 5.4.2.4 

Where: 

E30, E50, and E60 are defined in 6.3.3; 
E65, E75, and E80 are defined in 6.3.5; 
and 
the coefficients 0.523, 0.165, 0.181, 0.131, 0.257 

and 0.266 are weather-associated 
weighting factors. 

6.3.7 Regional Average Per-Cycle Energy 
Consumption. If regional average per-cycle 
energy consumption is required to be cal-
culated for a given setting of the anti-sweat 
heater, calculate the regional average per- 
cycle energy consumption, ER, in kWh/day, 
for the regions in Figure 3. Use one of the 
following equations and the coefficients in 
Table A: 
ER = a1 × E60 + c × E65 + d × E75 + e × E80, for 

a unit that is not required to be tested 
under section 5.4.2.4; or 

ER = a × E30 + b × E50 + c × E65 + d × E75 + e 
× E80, for a unit tested under section 
5.4.2.4 

Where: 

E30, E50, and E60 are defined in section 6.3.3; 
E65, E75, and E80 are defined in section 6.3.5; 

and 
a1, a, b, c, d, and e are weather-associated 

weighting factors for the regions, as 
specified in Table A. 
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TABLE A—COEFFICIENTS FOR CALCULATING RE-
GIONAL AVERAGE PER-CYCLE ENERGY CON-
SUMPTION 

[Weighting factors] 

Regions a1 a b c d e 

I ............. 0.282 0.039 0.244 0.194 0.326 0.198 
II ............ 0.486 0.194 0.293 0.191 0.193 0.129 

TABLE A—COEFFICIENTS FOR CALCULATING RE-
GIONAL AVERAGE PER-CYCLE ENERGY CON-
SUMPTION—Continued 

[Weighting factors] 

Regions a1 a b c d e 

III ........... 0.584 0.302 0.282 0.178 0.159 0.079 
IV ........... 0.664 0.420 0.244 0.161 0.121 0.055 

7. Test Procedure Waivers 

To the extent that the procedures con-
tained in this appendix do not provide a 
means for determining the energy consump-
tion of a refrigerator or refrigerator-freezer, 
a manufacturer must obtain a waiver under 
10 CFR 430.27 to establish an acceptable test 
procedure for each such product. Such in-
stances could, for example, include situa-
tions where the test set-up for a particular 
refrigerator or refrigerator-freezer basic 
model is not clearly defined by the provi-
sions of section 2. For details regarding the 
criteria and procedures for obtaining a waiv-
er, please refer to 10 CFR 430.27. 

[75 FR 78851, Dec. 16, 2010, as amended at 76 
FR 12502, Mar. 7, 2011; 76 FR 24781, May 2, 
2011; 77 FR 3574, Jan. 25, 2012; 79 FR 22349, 
Apr. 21, 2014; 79 FR 41418, July 16, 2014] 

APPENDIX A1 TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF ELECTRIC REFRIGERATORS 
AND ELECTRIC REFRIGERATOR- 
FREEZERS 

The provisions of appendix A1 shall apply 
to all products manufactured prior to the ef-
fective date of any amended standards pro-
mulgated by DOE pursuant to Section 
325(b)(4) of the Energy Policy and Conserva-
tion Act of 1975, as amended by the Energy 
Independence and Security Act of 2007 (to be 
codified at 42 U.S.C. 6295(b)(4)). 

1. Definitions 

Section 3, Definitions, of HRF–1–1979 (incor-
porated by reference; see § 430.3) applies to 
this test procedure. 
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1.1 ‘‘Adjusted total volume’’ means the 
sum of (i) the fresh food compartment vol-
ume as defined in HRF–1–1979 in cubic feet, 
and (ii) the product of an adjustment factor 
and the net freezer compartment volume as 
defined in HRF–1–1979, in cubic feet. 

1.2 ‘‘All-refrigerator’’ means an electric re-
frigerator which does not include a compart-
ment for the freezing and long time storage 
of food at temperatures below 32 °F (0.0 °C). 
It may include a compartment of 0.50 cubic 
feet capacity (14.2 liters) or less for the freez-
ing and storage of ice. 

1.3 ‘‘Anti-sweat heater’’ means a device in-
corporated into the design of a refrigerator 
or refrigerator-freezer to prevent the accu-
mulation of moisture on exterior or interior 
surfaces of the cabinet. 

1.4 ‘‘Anti-sweat heater switch’’ means a 
user-controllable switch or user interface 
which modifies the activation or control of 
anti-sweat heaters. 

1.5 ‘‘Automatic defrost’’ means a system in 
which the defrost cycle is automatically ini-
tiated and terminated, with resumption of 
normal refrigeration at the conclusion of the 
defrost operation. The system automatically 
prevents the permanent formation of frost 
on all refrigerated surfaces. Nominal refrig-
erated food temperatures are maintained 
during the operation of the automatic de-
frost system. 

1.6 ‘‘Automatic icemaker’’ means a device 
that can be supplied with water without user 
intervention, either from a pressurized water 
supply system or by transfer from a water 
reservoir located inside the cabinet, that 
automatically produces, harvests, and stores 
ice in a storage bin, with means to automati-
cally interrupt the harvesting operation 
when the ice storage bin is filled to a pre-de-
termined level. 

1.7 ‘‘Cycle’’ means the period of 24 hours 
for which the energy use of an electric refrig-
erator or electric refrigerator-freezer is cal-
culated as though the consumer activated 
compartment temperature controls were set 
to maintain the standardized temperatures 
(see section 3.2). 

1.8 ‘‘Cycle type’’ means the set of test con-
ditions having the calculated effect of oper-
ating an electric refrigerator or electric re-
frigerator-freezer for a period of 24 hours, 
with the consumer activated controls other 
than those that control compartment tem-
peratures set to establish various operating 
characteristics. 

1.9 ‘‘Defrost cycle type’’ means a distinct 
sequence of control whose function is to re-
move frost and/or ice from a refrigerated sur-
face. There may be variations in the defrost 
control sequence such as the number of de-
frost heaters energized. Each such variation 
establishes a separate distinct defrost cycle 
type. However, defrost achieved regularly 
during the compressor off-cycles by warming 

of the evaporator without active heat addi-
tion is not a defrost cycle type. 

1.10 ‘‘Externally vented refrigerator or re-
frigerator-freezer’’ means an electric refrig-
erator or electric refrigerator-freezer that 
has an enclosed condenser or an enclosed 
condenser/compressor compartment and a 
set of air ducts for transferring the exterior 
air from outside the building envelope into, 
through, and out of the refrigerator or re-
frigerator-freezer cabinet; is capable of mix-
ing exterior air with the room air before dis-
charging into, through, and out of the con-
denser or condenser/compressor compart-
ment; may include thermostatically con-
trolled dampers or controls that mix the ex-
terior and room air at low outdoor tempera-
tures and exclude exterior air when the out-
door air temperature is above 80 °F (26.7 °C) 
or the room air temperature; and may have 
a thermostatically actuated exterior air fan. 

1.11 ‘‘HRF–1–1979’’ means the Association 
of Home Appliance Manufacturers standard 
for household refrigerators, combination re-
frigerator-freezers, and household freezers, 
also approved as an American National 
Standard as a revision of ANSI B 38.1–1970. 
Only sections of HRF–1–1979 (incorporated by 
reference; see § 430.3) specifically referenced 
in this test procedure are part of this test 
procedure. In cases where there is a conflict, 
the language of the test procedure in this ap-
pendix takes precedence over HRF–1–1979. 

1.12 ‘‘Long-time Automatic Defrost’’ means 
an automatic defrost system where succes-
sive defrost cycles are separated by 14 hours 
or more of compressor-operating time. 

1.13 ‘‘Separate auxiliary compartment’’ 
means a freezer compartment or a fresh food 
compartment of a refrigerator or refrig-
erator-freezer having more than two com-
partments that is not the first freezer com-
partment or the first fresh food compart-
ment. Access to a separate auxiliary com-
partment is through a separate exterior door 
or doors rather than through the door or 
doors of another compartment. Separate 
auxiliary compartments may be convertible 
(e.g., from fresh food to freezer). Separate 
auxiliary freezer compartments may not be 
larger than the first freezer compartment 
and separate auxiliary fresh food compart-
ments may not be larger than the first fresh 
food compartment, but such size restrictions 
do not apply to separate auxiliary convert-
ible compartments. 

1.14 ‘‘Special compartment’’ means any 
compartment other than a butter condi-
tioner, without doors directly accessible 
from the exterior, and with separate tem-
perature control (such as crispers convert-
ible to meat keepers) that is not convertible 
from fresh food temperature range to freezer 
temperature range. 

1.15 ‘‘Stabilization Period’’ means the total 
period of time during which steady-state 
conditions are being attained or evaluated. 
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1.16 ‘‘Standard cycle’’ means the cycle type 
in which the anti-sweat heater control, when 
provided, is set in the highest energy con-
suming position. 

1.17 ‘‘Variable anti-sweat heater control’’ 
means an anti-sweat heater control that var-
ies the average power input of the anti-sweat 
heater(s) based on operating condition vari-
able(s) and/or ambient condition variable(s). 

1.18 ‘‘Variable defrost control’’ means an 
automatic defrost system in which succes-
sive defrost cycles are determined by an op-
erating condition variable or variables other 
than solely compressor operating time. This 
includes any electrical or mechanical device 
performing this function. A control scheme 
that changes the defrost interval from a 
fixed length to an extended length (without 
any intermediate steps) is not considered a 
variable defrost control. A variable defrost 
control feature should predict the accumula-
tion of frost on the evaporator and react ac-
cordingly. Therefore, the times between de-
frost should vary with different usage pat-
terns and include a continuum of lengths of 
time between defrosts as inputs vary. 

2. Test Conditions 

2.1 Ambient Temperature. The ambient 
temperature shall be 90.0 ±1 °F (32.2 ±0.6 °C) 
during the stabilization period and the test 
period. 

2.2 Operational Conditions. The electric re-
frigerator or electric refrigerator-freezer 
shall be installed and its operating condi-
tions maintained in accordance with HRF–1– 
1979, (incorporated by reference; see § 430.3), 
section 7.2 through section 7.4.3.3, except 
that the vertical ambient temperature gra-
dient at locations 10 inches (25.4 cm) out 
from the centers of the two sides of the unit 
being tested is to be maintained during the 
test. Unless the area is obstructed by shields 
or baffles, the gradient is to be maintained 
from 2 inches (5.1 cm) above the floor or sup-
porting platform to a height 1 foot (30.5 cm) 
above the unit under test. Defrost controls 
are to be operative. Other exceptions and 
provisions to the cited sections of HRF–1– 
1979 are noted in sections 2.3 through 2.8, and 
5.1 of this appendix. 

2.3 Anti-Sweat Heaters. 
The anti-sweat heater switch is to be on 

during one test and off during a second test. 
In the case of an electric refrigerator-freezer 
with variable anti-sweat heater control, the 
standard cycle energy use shall be the result 
of the calculation described in 6.2.3. 

2.4 Conditions for Automatic Defrost Re-
frigerator-Freezers. For automatic defrost 
refrigerator-freezers, the freezer compart-
ments shall not be loaded with any frozen 
food packages during testing. Cylindrical 
metallic masses of dimensions 1.12 ±0.25 
inches (2.9 ±0.6 cm) in diameter and height 
shall be attached in good thermal contact 
with each temperature sensor within the re-

frigerated compartments. All temperature 
measuring sensor masses shall be supported 
by low-thermal-conductivity supports in 
such a manner to ensure that there will be at 
least 1 inch (2.5 cm) of air space separating 
the thermal mass from contact with any in-
terior surface or hardware inside the cabinet. 
In case of interference with hardware at the 
sensor locations specified in section 5.1, the 
sensors shall be placed at the nearest adja-
cent location such that there will be a 1-inch 
air space separating the sensor mass from 
the hardware. 

2.5 Conditions for all-refrigerators. There 
shall be no load in the freezer compartment 
during the test. 

2.6 The cabinet and its refrigerating mech-
anism shall be assembled and set up in ac-
cordance with the printed consumer instruc-
tions supplied with the cabinet. Set-up of the 
refrigerator or refrigerator-freezer shall not 
deviate from these instructions, unless ex-
plicitly required or allowed by this test pro-
cedure. Specific required or allowed devi-
ations from such set-up include the fol-
lowing: 

(a) Connection of water lines and installa-
tion of water filters are not required; 

(b) Clearance requirements from surfaces 
of the product shall be as described in sec-
tion 2.8 below; 

(c) The electric power supply shall be as 
described in HRF–1–1979 (incorporated by ref-
erence; see § 430.3) section 7.4.1; 

(d) Temperature control settings for test-
ing shall be as described in section 3 below. 
Settings for convertible compartments and 
other temperature-controllable or special 
compartments shall be as described in sec-
tion 2.7 of this appendix; 

(e) The product does not need to be an-
chored or otherwise secured to prevent tip-
ping during energy testing; and 

(f) All the product’s chutes and throats re-
quired for the delivery of ice shall be free of 
packing, covers, or other blockages that may 
be fitted for shipping or when the icemaker 
is not in use. 

For cases in which set-up is not clearly de-
fined by this test procedure, manufacturers 
must submit a petition for a waiver (see sec-
tion 7). 

2.7 Compartments that are convertible 
(e.g., from fresh food to freezer) shall be op-
erated in the highest energy use position. 
For the special case of convertible separate 
auxiliary compartments, this means that the 
compartment shall be treated as a freezer 
compartment or a fresh food compartment, 
depending on which of these represents high-
er energy use. Special compartments shall be 
tested with controls set to provide the cold-
est temperature. This requirement for the 
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coldest temperature does not apply to fea-
tures or functions associated with tempera-
ture control (such as fast chill compart-
ments) that are initiated manually and ter-
minated automatically within 168 hours. 

2.8 The space between the back of the cabi-
net and a vertical surface (the test room wall 
or simulated wall) shall be the minimum dis-
tance in accordance with the manufacturer’s 
instructions. 

2.9 Steady State Condition. Steady state 
conditions exist if the temperature measure-
ments in all measured compartments taken 
at four minute intervals or less during a sta-
bilization period are not changing at a rate 
greater than 0.042 °F. (0.023 °C.) per hour as 
determined by the applicable condition of A 
or B. 

A. The average of the measurements dur-
ing a two hour period if no cycling occurs or 
during a number of complete repetitive com-
pressor cycles through a period of no less 
than two hours is compared to the average 
over an equivalent time period with three 
hours elapsed between the two measurement 
periods. 

B. If A above cannot be used, the average 
of the measurements during a number of 
complete repetitive compressor cycles 
through a period of no less than two hours 
and including the last complete cycle prior 
to a defrost period, or if no cycling occurs, 
the average of the measurements during the 
last two hours prior to a defrost period; are 
compared to the same averaging period prior 
to the following defrost period. 

2.10 Exterior air for externally vented re-
frigerator or refrigerator-freezer. An exterior 
air source shall be provided with adjustable 
temperature and pressure capabilities. The 
exterior air temperature shall be adjustable 
from 35 ±1 °F (1.7 ±0.6 °C) to 90 ±1 °F (32.2 ±0.6 
°C). 

2.10.1 Air duct. The exterior air shall pass 
from the exterior air source to the test unit 
through an insulated air duct. 

2.10.2 Air temperature measurement. The 
air temperature entering the condenser or 
condenser/compressor compartment shall be 
maintained to ±3 °F (1.7 °C) during the sta-
bilization and test periods and shall be meas-
ured at the inlet point of the condenser or 
condenser/compressor compartment (‘‘con-
denser inlet’’). Temperature measurements 
shall be taken from at least three tempera-
ture sensors or one sensor per 4 square inches 
of the air duct cross sectional area, which-
ever is greater, and shall be averaged. For a 
unit that has a condenser air fan, a min-
imum of three temperature sensors at the 
condenser fan discharge shall be required. 
Temperature sensors shall be arranged to be 
at the centers of equally divided cross sec-
tional areas. The exterior air temperature, 
at its source, shall be measured and main-
tained to ±1 °F (0.6 °C) during the test period. 
The temperature measuring devices shall 

have an error not greater than ±0.5 °F (±0.3 
°C). Measurements of the air temperature 
during the test period shall be taken at reg-
ular intervals not to exceed four minutes. 

2.10.3 Exterior air static pressure. The ex-
terior air static pressure at the inlet point of 
the unit shall be adjusted to maintain a neg-
ative pressure of 0.20″ ±0.05″ water column (62 
Pa ±12.5 Pa) for all air flow rates supplied to 
the unit. The pressure sensor shall be located 
on a straight duct with a distance of at least 
7.5 times the diameter of the duct upstream 
and a distance of at least 3 times the diame-
ter of the duct downstream. There shall be 
four static pressure taps at 90° angles apart. 
The four pressures shall be averaged by 
interconnecting the four pressure taps. The 
air pressure measuring instrument shall 
have an error not greater than 0.01″ water 
column (2.5 Pa). 

3. Test Control Settings 

3.1 Model with no user operable tempera-
ture control. A test shall be performed dur-
ing which the compartment temperatures 
and energy use shall be measured. A second 
test shall be performed with the temperature 
control electrically short circuited to cause 
the compressor to run continuously. 

3.2 Model with User Operable Temperature 
Control. Testing shall be performed in ac-
cordance with one of the following sections 
using the standardized temperatures of: 

All-Refrigerator: 38 °F (3.3 °C) fresh food 
compartment temperature; 

Refrigerator: 15 °F (¥9.4 °C) freezer com-
partment temperature, 45 °F (7.2 °C) fresh 
food compartment temperature; 

Refrigerator-Freezer: 5 °F (¥15 °C) freezer 
compartment temperature, 45 °F (7.2 °C) 
fresh food compartment temperature. 
For the purposes of comparing compartment 
temperatures with standardized tempera-
tures, as described in sections 3.2.1 through 
3.2.3, the freezer compartment temperature 
shall be as specified in section 5.1.4, and the 
fresh food compartment temperature shall 
be as specified in section 5.1.3. 

3.2.1 A first test shall be performed with all 
compartment temperature controls set at 
their median position midway between their 
warmest and coldest settings. For mechan-
ical control systems, knob detents shall be 
mechanically defeated if necessary to attain 
a median setting. For electronic control sys-
tems, the test shall be performed with all 
compartment temperature controls set at 
the average of the coldest and warmest set-
tings—if there is no setting equal to this av-
erage, the setting closest to the average 
shall be used. If there are two such settings 
equally close to the average, the higher of 
these temperature control settings shall be 
used. A second test shall be performed with 
all controls set at their warmest setting or 
all controls set at their coldest setting (not 
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electrically or mechanically bypassed). For 
all-refrigerators, this setting shall be the ap-
propriate setting that attempts to achieve 
compartment temperatures measured during 
the two tests which bound (i.e., one is above 
and one is below) the standardized tempera-
ture for all-refrigerators. For refrigerators 
and refrigerator-freezers, the second test 
shall be conducted with all controls at their 
coldest setting, unless all compartment tem-
peratures measured during the first part of 
the test are lower than the standardized 
temperatures, in which case the second test 
shall be conducted with all controls at their 
warmest setting. If (a) the measured tem-
perature of any compartment with all con-
trols set at their coldest settings is above its 
standardized temperature, a third test shall 
be performed with all controls set at their 
warmest settings and the result of this test 
shall be used with the result of the test per-
formed with all controls set at their coldest 
settings to determine energy consumption. If 
(b) the measured temperatures of all com-
partments with all controls set at their 
warmest settings are below their standard-
ized temperatures then the result of this test 
alone will be used to determine energy con-
sumption. If neither (a) nor (b) occur, then 
the results of the first two tests shall be used 
to determine energy consumption. 

3.2.2 Alternatively, a first test may be per-
formed with all temperature controls set at 
their warmest setting. If the measured tem-
peratures of all compartments for this test 
are below their standardized temperatures 
then the result of this test alone will be used 
to determine energy consumption. If this 
condition is not met, then the unit shall be 
tested in accordance with 3.2.1 of this appen-
dix. 

3.2.3 Alternatively, a first test may be per-
formed with all temperature controls set at 
their coldest setting. If the measured tem-
perature of any compartment for this test is 
above its standardized temperature, a second 
test shall be performed with all controls set 
at their warmest settings and the result of 
this test shall be used with the result of the 
test performed with all controls set at their 
coldest settings to determine energy con-
sumption. If this condition is not met, then 
the unit shall be tested in accordance with 
3.2.1 of this appendix. 

3.2.4 Temperature Settings for Separate 
Auxiliary Convertible Compartments. For 
separate auxiliary convertible compartments 
tested as freezer compartments, the median 
setting shall be within 2 °F (1.1 °C) of the 
standardized temperature, and the warmest 
setting shall be above 10 °F (¥12.2 °C). For 

separate auxiliary convertible compartments 
tested as fresh food compartments, the me-
dian setting shall be within 2 °F (1.1 °C) of 
the standardized temperature, and the cold-
est setting shall be below 40 °F (4.4 °C). For 
compartments where control settings are not 
expressed as particular temperatures, the 
measured temperature of the convertible 
compartment rather than the settings shall 
meet the specified criteria. 

4. Test Period 

Tests shall be performed by establishing 
the conditions set forth in section 2, and 
using the control settings set forth in sec-
tion 3. 

4.1 Nonautomatic Defrost. If the model 
being tested has no automatic defrost sys-
tem, the test time period shall start after 
steady-state conditions have been achieved 
and be no less than 3 hours in duration. Dur-
ing the test period, the compressor motor 
shall complete two or more whole com-
pressor cycles. (A compressor cycle is a com-
plete ‘‘on’’ and a complete ‘‘off’’ period of the 
motor). If no ‘‘off’’ cycling will occur, as de-
termined during the stabilization period, the 
test period shall be 3 hours. If incomplete cy-
cling occurs (i.e. less than two compressor 
cycles during a 24-hour period), the results of 
the 24-hour period shall be used. 

4.2 Automatic Defrost. If the model being 
tested has an automatic defrost system, the 
test time period shall start after steady- 
state conditions have been achieved and be 
from one point during a defrost period to the 
same point during the next defrost period. If 
the model being tested has a long-time auto-
matic defrost system, the alternative provi-
sions of 4.2.1 may be used. If the model being 
tested has a variable defrost control, the pro-
visions of section 4.2.2 shall apply. If the 
model has a dual compressor system with 
automatic defrost for both systems, the pro-
visions of 4.2.3 shall apply. 

4.2.1 Long-time Automatic Defrost. If the 
model being tested has a long-time auto-
matic defrost system, the test time period 
may consist of two parts. The first part 
would be the same as the test for a unit hav-
ing no defrost provisions (section 4.1). The 
second part would start when a defrost cycle 
is initiated when the compressor ‘‘on’’ cycle 
is terminated prior to start of the defrost 
heater and terminates at the second turn 
‘‘on’’ of the compressor or 4 hours from the 
initiation of the defrost heater, whichever 
comes first. See diagram in Figure 1 to this 
section. 
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4.2.2 Variable Defrost Control. If the model 
being tested has a variable defrost control 
system, the test shall consist of the same 
two parts as the test for long-time auto-
matic defrost (section 4.2.1). 

4.2.3 Dual Compressor Systems with Auto-
matic Defrost. If the model being tested has 
separate compressor systems for the refrig-
erator and freezer sections, each with its 
own automatic defrost system, then the two- 
part method in 4.2.1 shall be used. The sec-
ond part of the method will be conducted 
separately for each automatic defrost sys-
tem. The components (compressor, fan mo-
tors, defrost heaters, anti-sweat heaters, 
etc.) associated with each system will be 
identified and their energy consumption will 
be separately measured during each test. 

5. Test Measurements 

5.1 Temperature Measurements. Tempera-
ture measurements shall be made at the lo-
cations prescribed in Figures 7.1 and 7.2 of 
HRF–1–1979 (incorporated by reference; see 
§ 430.3) and shall be accurate to within ±0.5 °F 
(0.3 °C). No freezer temperature measure-
ments need be taken in an all-refrigerator 
model. If the interior arrangements of the 
cabinet do not conform with those shown in 
Figure 7.1 and 7.2 of HRF–1–1979, the product 
may be tested by relocating the temperature 
sensors from the locations specified in the 
figures to avoid interference with hardware 
or components within the cabinet, in which 
case the specific locations used for the tem-
perature sensors shall be noted in the test 
data records maintained by the manufac-
turer in accordance with 10 CFR 429.14, and 
the certification report shall indicate that 
non-standard sensor locations were used. 
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5.1.1 Measured Temperature. The measured 
temperature of a compartment is to be the 
average of all sensor temperature readings 
taken in that compartment at a particular 
time. Measurements shall be taken at reg-
ular intervals not to exceed four minutes. 

5.1.2 Compartment Temperature. The com-
partment temperature for each test period 
shall be an average of the measured tempera-
tures taken in a compartment during one or 
more complete compressor cycles. One com-
pressor cycle is one complete motor ‘‘on’’ 
and one complete motor ‘‘off’’ period. For 
long-time automatic defrost models, com-
partment temperatures shall be those meas-
ured in the first part of the test period speci-
fied in section 4.2.1. For models with variable 
defrost controls, compartment temperatures 
shall be those measured in the first part of 
the test period specified in section 4.2.2. 

5.1.2.1 The number of complete compressor 
cycles over which the measured tempera-

tures in a compartment are to be averaged to 
determine compartment temperature shall 
be equal to the number of minutes between 
measured temperature readings, rounded up 
to the next whole minute or a number of 
complete compressor cycles over a time pe-
riod exceeding 1 hour, whichever is greater. 
One of the compressor cycles shall be the 
last complete compressor cycle during the 
test period. 

5.1.2.2 If no compressor cycling occurs, the 
compartment temperature shall be the aver-
age of the measured temperatures taken dur-
ing the last 32 minutes of the test period. 

5.1.2.3 If incomplete compressor cycling oc-
curs, the compartment temperatures shall be 
the average of the measured temperatures 
taken during the last three hours of the last 
complete compressor ‘‘on’’ period. 

5.1.3 Fresh Food Compartment Tempera-
ture. The fresh food compartment tempera-
ture shall be calculated as: 

Where: 
R is the total number of applicable fresh food 

compartments, which include the first 
fresh food compartment and any number 
of separate auxiliary fresh food compart-
ments (including separate auxiliary con-
vertible compartments tested as fresh 
food compartments in accordance with 
section 2.7); 

TRi is the compartment temperature of fresh 
food compartment ‘‘i’’ determined in ac-
cordance with section 5.1.2; and 

VRi is the volume of fresh food compartment 
‘‘i’’. 

5.1.4 Freezer Compartment Temperature. 
The freezer compartmenttemperature shall 
be calculated as: 

Where: 

F is the total number of applicable freezer 
compartments, which include the first 
freezer compartment and any number of 
separate auxiliary freezer compartments 
(including separate auxiliary convertible 
compartments tested as freezer compart-
ments in accordance with section 2.7); 

TFi is the compartment temperature of 
freezer compartment ‘‘i’’ determined in 
accordance with section 5.1.2; and 

VFi is the volume of freezer compartment 
‘‘i’’. 

5.2 Energy Measurements 
5.2.1 Per-day Energy Consumption. The en-

ergy consumption in kilowatt-hours per day 
for each test period shall be the energy ex-
pended during the test period as specified in 
section 4 adjusted to a 24-hour period. The 
adjustment shall be determined as follows: 
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5.2.1.1 Nonautomatic and Automatic De-
frost Models. The energy consumption in kil-
owatt-hours per day shall be calculated 
equivalent to: 

ET = EP × 1440/T 

Where: 
ET = test cycle energy expended in kilowatt- 

hours per day; 
EP = energy expended in kilowatt-hours dur-

ing the test period; 
T = length of time of the test period in min-

utes; and 
1440 = conversion factor to adjust to a 24- 

hour period in minutes per day. 

5.2.1.2 Long-time Automatic Defrost. If the 
two-part test method is used, the energy 
consumption in kilowatt-hours per day shall 
be calculated equivalent to: 
ET = (1440 × EP1/T1) + (EP2 ¥ (EP1 × T2/T1)) 

× (12/CT) 

Where: 
ET and 1440 are defined in 5.2.1.1; 
EP1 = energy expended in kilowatt-hours 

during the first part of the test; 
EP2 = energy expended in kilowatt-hours 

during the second part of the test; 
T1 and T2 = length of time in minutes of the 

first and second test parts respectively; 
CT = defrost timer run time or compressor 

run time between defrosts in hours re-
quired to cause it to go through a com-
plete cycle, rounded to the nearest tenth 
of an hour; and 

12 = factor to adjust for a 50-percent run 
time of the compressor in hours per day. 

5.2.1.3 Variable Defrost Control. The en-
ergy consumption in kilowatt-hours per day 
shall be calculated equivalent to: 

ET = (1440 × EP1/T1) + (EP2 ¥ (EP1 × T2/T1)) 
× (12/CT), 

Where: 
1440 is defined in 5.2.1.1 and EP1, EP2, T1, T2, 

and 12 are defined in 5.2.1.2; 
CT = (CTL × CTM)/(F × (CTM ¥ CTL) + CTL); 
CTL = least or shortest compressor run time 

between defrosts in hours rounded to the 
nearest tenth of an hour (greater than or 
equal to 6 but less than or equal to 12 
hours); 

CTM = maximum compressor run time be-
tween defrosts in hours rounded to the 
nearest tenth of an hour (greater than 
CTL but not more than 96 hours); 

F = ratio of per day energy consumption in 
excess of the least energy and the max-
imum difference in per-day energy con-
sumption and is equal to 0.20; 

For variable defrost models with no values 
for CTL and CTM in the algorithm, the de-
fault values of 12 and 84 shall be used, re-
spectively. 

5.2.1.4 Dual Compressor Systems with Dual 
Automatic Defrost. The two-part test meth-

od in section 4.1.2.4 must be used, and the en-
ergy consumption in kilowatt-hours per day 
shall be calculated equivalent to: 

ET = (1440 × EP1/T1) + (EP2F ¥ (EPF × T2/T1)) 
× (12/CTF) + (EP2R ¥ (EPR × T3/T1)) × (12/ 
CTR) 

Where: 
1440, EP1, T1, EP2, 12, and CT are defined in 

5.2.1.2; 
EPF = freezer system energy in kilowatt- 

hours expended during the first part of 
the test; 

EP2F = freezer system energy in kilowatt- 
hours expended during the second part of 
the test for the freezer system; 

EPR = refrigerator system energy in kilo-
watt-hours expended during the first part 
of the test; 

EP2R = refrigerator system energy in kilo-
watt-hours expended during the second 
part of the test for the refrigerator sys-
tem; 

T2 and T3 = length of time in minutes of the 
second test part for the freezer and re-
frigerator systems respectively; 

CTF = compressor run time between freezer 
defrosts (in hours rounded to the nearest 
tenth of an hour); and 

CTR = compressor run time between refrig-
erator defrosts (in hours rounded to the 
nearest tenth of an hour). 

5.3 Volume measurements. The electric re-
frigerator or electric refrigerator-freezer 
total refrigerated volume, VT, shall be meas-
ured in accordance with HRF–1–1979, section 
3.20 and sections 4.2 through 4.3 and be cal-
culated equivalent to: 

VT=VF+VFF 

where 

VT=total refrigerated volume in cubic feet, 
VF=freezer compartment volume in cubic 

feet, and 
VFF=fresh food compartment volume in 

cubic feet. 

5.4 Externally vented refrigerator or refrig-
erator-freezer units. All test measurements 
for the externally vented refrigerator or re-
frigerator-freezer shall be made in accord-
ance with the requirements of other sections 
of this appendix, except as modified in this 
section 5.4 or other sections expressly appli-
cable to externally vented refrigerators or 
refrigerator-freezers. 

5.4.1 Operability of thermostatic and mix-
ing of air controls. Prior to conducting en-
ergy consumption tests, the operability of 
thermostatic controls that permit the mix-
ing of exterior and ambient air when exterior 
air temperatures are less than 60 °F must be 
verified. The operability of such controls 
shall be verified by operating the unit under 
ambient air temperature of 90 °F and exte-
rior air temperature of 45 °F. If the inlet air 
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entering the condenser or condenser/com-
pressor compartment is maintained at 60 °F, 
plus or minus three degrees, energy con-
sumption of the unit shall be measured 
under 5.4.2.2 and 5.4.2.3. If the inlet air enter-
ing the condenser or condenser/compressor 
compartment is not maintained at 60 °F, plus 
or minus three degrees, energy consumption 
of the unit shall also be measured under 
5.4.2.4. 

5.4.2 Energy consumption tests. 
5.4.2.1 Correction factor test. To enable cal-

culation of a correction factor, K, two full 
cycle tests shall be conducted to measure en-
ergy consumption of the unit with air mix-
ing controls disabled and the condenser inlet 
air temperatures set at 90 °F (32.2 °C) and 80 
°F (26.7 °C). Both tests shall be conducted 
with all compartment temperature controls 
set at the position midway between their 
warmest and coldest settings and the anti- 
sweat heater switch off. Record the energy 
consumptions ec90 and ec80, in kWh/day. 

5.4.2.2 Energy consumption at 90 °F. The 
unit shall be tested at 90 °F (32.2 °C) exterior 
air temperature to record the energy con-
sumptions (e90)i in kWh/day. For a given set-
ting of the anti-sweat heater, i corresponds 
to each of the two states of the compartment 
temperature control positions. 

5.4.2.3 Energy consumption at 60 °F. The 
unit shall be tested at 60 °F (26.7 °C) exterior 
air temperature to record the energy con-
sumptions (e60)i in kWh/day. For a given set-
ting of the anti-sweat heater, i corresponds 
to each of the two states of the compartment 
temperature control positions. 

5.4.2.4 Energy consumption if mixing con-
trols do not operate properly. If the oper-
ability of temperature and mixing controls 
has not been verified as required under 5.4.1, 
the unit shall be tested at 50 °F (10.0 °C) and 
30 °F (¥1.1 °C) exterior air temperatures to 
record the energy consumptions (e50)i and 
(e30)i. For a given setting of the anti-sweat 
heater, i corresponds to each of the two 
states of the compartment temperature con-
trol positions. 

6. Calculation of Derived Results from Test 
Measurements 

6.1 Adjusted Total Volume. 
6.1.1 Electric refrigerators. The adjusted 

total volume, VA, for electric refrigerators 
under test shall be defined as: 

VA=(VF×CR)+VFF 

where 

VA=adjusted total volume in cubic feet, 
VF and VFF are defined in 5.3, and 
CR=adjustment factor of 1.44 for refrig-

erators other than all-refrigerators, or 
1.0 for all-refrigerators, dimensionless, 

6.1.2 Electric refrigerator-freezers. The ad-
justed total volume, VA, for electric refrig-

erator-freezers under test shall be calculated 
as follows: 

VA=(VF×CRF)+VFF 

where 

VF and VFF are defined in 5.3 and VA is de-
fined in 6.1.1, 

CRF=adjustment factor of 1.63, 
dimensionless, 

6.2 Average Per-Cycle Energy consump-
tion. 

6.2.1 All-refrigerator Models. The average 
per-cycle energy consumption for a cycle 
type is expressed in kilowatt-hours per cycle 
to the nearest one hundredth (0.01) kilowatt- 
hour and shall depend upon the temperature 
attainable in the fresh food compartment as 
shown below. 

6.2.1.1 If the fresh food compartment tem-
perature is always below 38.0 °F. (3.3 °C.), the 
average per-cycle energy consumption shall 
be equivalent to: 

E=ET1 

where 

E=Total per-cycle energy consumption in 
kilowatt-hours per day, 

ET is defined in 5.2.1, and Number 1 indicates 
the test period during which the highest 
fresh food compartment temperature is 
measured. 

6.2.1.2 If one of the fresh food compartment 
temperatures measured for a test period is 
greater than 38.0 °F (3.3 °C), the average per- 
cycle energy consumption shall be equiva-
lent to: 

E = ET1 + ((ET2¥ET1) × (38.0 ¥ TR1)/(TR2 ¥ 

TR1)) 

Where: 

E is defined in 6.2.1.1; 
ET is defined in 5.2.1; 
TR = Fresh food compartment temperature 

determined according to 5.1.3 in degrees 
F; 

The numbers 1 and 2 indicate measurements 
taken during the first and second test pe-
riod as appropriate; and 

38.0 = Standardized fresh food compartment 
temperature in degrees F. 

6.2.2 Refrigerators and refrigerator-freez-
ers. The average per-cycle energy consump-
tion for a cycle type is expressed in kilowatt- 
hours per-cycle to the nearest one hundredth 
(0.01) kilowatt-hour and shall be defined in 
the applicable following manner. 

6.2.2.1 If the fresh food compartment tem-
perature is always at or below 45 °F. (7.2 °C.) 
in both of the tests and the freezer compart-
ment temperature is always at or below 15 
°F. (¥9.4 °C.) in both tests of a refrigerator 
or at or below 5 °F. (¥15 °C.) in both tests of 
a refrigerator-freezer, the per-cycle energy 
consumption shall be: 
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E=ET1 

where 

E is defined in 6.2.1.1, 
ET is defined in 5.2.1, and 
Number 1 indicates the test period during 

which the highest freezer compartment 
temperature was measured. 

6.2.2.2 If the conditions of 6.2.2.1 do not 
exist, the per-cycle energy consumption 
shall be defined by the higher of the two val-
ues calculated by the following two for-
mulas: 

E = ET1 + ((ET2¥ET1) × (45.0 ¥ TR1)/(TR2 ¥ 

TR1)) 
and 
E = ET1 + ((ET2 ¥ ET1) × (k ¥ TF1)/(TF2 ¥ 

TF1)) 

Where: 

E is defined in 6.2.1.1; 
ET is defined in 5.2.1; 
TR and numbers 1 and 2 are defined in 6.2.1.2; 
TF = Freezer compartment temperature de-

termined according to 5.1.4 in degrees F; 
45.0 is a specified fresh food compartment 

temperature in degrees F; and 
k is a constant 15.0 for refrigerators or 5.0 for 

refrigerator-freezers each being stand-
ardized freezer compartment tempera-
ture in degrees F. 

6.2.3 Variable Anti-Sweat Heater Models. 
The standard cycle energy consumption of 
an electric refrigerator-freezer with a vari-
able anti-sweat heater control (Estd), ex-
pressed in kilowatt-hours per day, shall be 
calculated equivalent to: 

Estd = E + (Correction Factor) where E is de-
termined by 6.2.1.1, 6.2.1.2, 6.2.2.1, or 
6.2.2.2, whichever is appropriate, with the 
anti-sweat heater switch in the ‘‘off’’ po-
sition or, for products without anti-sweat 
heater switches, the anti-sweat heater in 
its lowest energy use state. 

Correction Factor = (Anti-sweat Heater 
Power × System-loss Factor) × (24 hrs/1 
day) × (1 kW/1000 W) 

Where: 

Anti-sweat Heater Power = 0.034 * (Heater 
Watts at 5%RH) 

+ 0.211 * (Heater Watts at 15%RH) 
+ 0.204 * (Heater Watts at 25%RH) 
+ 0.166 * (Heater Watts at 35%RH) 
+ 0.126 * (Heater Watts at 45%RH) 
+ 0.119 * (Heater Watts at 55%RH) 
+ 0.069 * (Heater Watts at 65%RH) 
+ 0.047 * (Heater Watts at 75%RH) 
+ 0.008 * (Heater Watts at 85%RH) 
+ 0.015 * (Heater Watts at 95%RH) 
Heater Watts at a specific relative humidity 

= the nominal watts used by all heaters 
at that specific relative humidity, 72 °F 
(22.2 °C) ambient, and DOE reference 
temperatures of fresh food (FF) average 
temperature of 45 °F (7.2 °C) and freezer 

(FZ) average temperature of 5 °F (¥15 
°C). 

System-loss Factor = 1.3 
6.3 Externally vented refrigerator or refrig-

erator-freezers. Per-cycle energy consump-
tion measurements for the externally vented 
refrigerator or refrigerator-freezer shall be 
calculated in accordance with the require-
ments of this appendix, as modified in sec-
tions 6.3.1–6.3.7. 

6.3.1 Correction factor. A correction factor, 
K, shall be calculated as: 

K = ec90/ec80 

where ec90 and ec80 = the energy consumption 
test results as determined under 5.4.2.1. 

6.3.2 Combining test results of different 
settings of compartment temperature con-
trols. For a given setting of the anti-sweat 
heater, follow the calculation procedures of 
6.2 to combine the test results for energy 
consumption of the unit at different tem-
perature control settings for each condenser 
inlet air temperature tested under 5.4.2.2, 
5.4.2.3, and 5.4.2.4, where applicable, (e90)i, 
(e60)i, (e50)i, and (e30)i. The combined values 
are e90, e60, e50, and e30, where applicable, in 
kWh/day. 

6.3.3 Energy consumption corrections. For 
a given setting of the anti-sweat heater, the 
energy consumptions e90, e60, e50, and e30 cal-
culated in 6.3.2 shall be adjusted by multi-
plying the correction factor K to obtain the 
corrected energy consumptions per day, in 
kWh/day: 

E90 = K × e90, 
E60 = K × e60 
E50 = K × e50, and 
E30 = K × e30 

where, 
K is determined under section 6.3.1, and e90, 

e60, e50, and e30 are determined under sec-
tion 6.3.2. 

6.3.4 Energy profile equation. For a given 
setting of the anti-sweat heater, the energy 
consumption EX, in kWh/day, at a specific 
exterior air temperature between 80 °F (26.7 
°C) and 60 °F (26.7 °C) shall be calculated by 
the following equation: 

EX = a + bTX, 

where, 
TX = exterior air temperature in °F; 
a = 3E60¥2E90, in kWh/day; 
b = (E90¥E60)/30, in kWh/day per °F. 

6.3.5 Energy consumption at 80 °F (26.7 °C), 
75 °F (23.9 °C) and 65 °F (18.3 °C). For a given 
setting of the anti-sweat heater, calculate 
the energy consumptions at 80 °F (26.7 °C), 75 
°F (23.9 °C) and 65 °F (18.3 °C) exterior air 
temperatures, E80, E75 and E65, respectively, 
in kWh/day, using the equation in 6.3.4. 

6.3.6 National average per cycle energy 
consumption. For a given setting of the anti- 
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sweat heater, calculate the national average 
energy consumption, EN, in kWh/day, using 
one of the following equations: 

EN = 0.523 × E60 + 0.165 × E65 + 0.181 × E75 + 
0.131 × E80, for units not tested under 
5.4.2.4, 

EN = 0.257 × E30 + 0.266 × E50 + 0.165 × E65 + 
0.181 × E75 + 0.131 × E80, for units tested 
under 5.4.2.4, 

where, 
E30, E50, and E60 are defined in 6.3.3, 
E65, E75, and E80 are defined in 6.3.5, and 
the coefficients are weather associated 

weighting factors. 

6.3.7 Regional average per cycle energy 
consumption. If regional average per cycle 
energy consumption is required to be cal-
culated, for a given setting of the anti-sweat 
heater, calculate the regional average per 
cycle energy consumption, ER, in kWh/day, 
for the regions in figure 1 using one of the 
following equations and the coefficients in 
the table A: 

ER = a1 × E60 + c × E65 + d × E75 + e × E80, for 
a unit that is not required to be tested 
under 5.4.2.4, 

ER = a × E30 + b × E50 + c × E65 + d × E75 + e 
× E80, for a unit tested under 5.4.2.4, 

where: 

E30, E50, and E60 are defined in 6.3.3, 
E65, E75, and E80 are defined in 6.3.5, and 
a1, a, b, c, d, e are weather associated 

weighting factors for the Regions, as 
specified in Table A: 

TABLE A—COEFFICIENTS FOR CALCULATING RE-
GIONAL AVERAGE PER CYCLE ENERGY CON-
SUMPTION 

[Weighting Factors] 

Regions a1 a b c d e 

I ............. 0.282 0.039 0.244 0.194 0.326 0.198 
II ............ 0.486 0.194 0.293 0.191 0.193 0.129 
III ........... 0.584 0.302 0.282 0.178 0.159 0.079 
IV ........... 0.664 0.420 0.244 0.161 0.121 0.055 
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7. Test Procedure Waivers 

To the extent that the procedures con-
tained in this appendix do not provide a 
means for determining the energy consump-
tion of a refrigerator or refrigerator-freezer, 
a manufacturer must obtain a waiver under 
10 CFR 430.27 to establish an acceptable test 
procedure for each such product. Such in-
stances could, for example, include situa-
tions where the test set-up for a particular 
refrigerator or refrigerator-freezer basic 
model is not clearly defined by the provi-
sions of section 2. For details regarding the 
criteria and procedures for obtaining a waiv-
er, please refer to 10 CFR 430.27. 

[47 FR 34526, Aug. 10, 1982; 48 FR 13013, Mar. 
29, 1983, as amended at 54 FR 36240, Aug. 31, 
1989; 54 FR 38788, Sept. 20, 1989; 62 FR 47539, 
47540, Sept. 9, 1997; 68 FR 10960, Mar. 7, 2003; 
75 FR 78860, Dec. 16, 2010; 76 FR 12502, Mar. 7, 
2011; 76 FR 24781, May 2, 2011] 

APPENDIX B TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF FREEZERS 

Beginning on September 15, 2014, the test 
procedures in appendix B must be used to de-
termine compliance with energy conserva-
tion standards for freezers. Prior to Sep-
tember 15, 2014, manufacturers may continue 
to use appendix B1 or may elect to use ap-
pendix B early to show compliance with the 
September 15, 2014 energy conservation 
standards. Manufacturers must use a single 
appendix for all representations of energy 
use of a basic model, including certifications 
of compliance, and may not use appendix B1 
for certain representations and appendix B 
for other representations. 

1. Definitions 

Section 3, Definitions, of HRF–1–2008 (incor-
porated by reference; see § 430.3) applies to 
this test procedure. 

1.1 ‘‘Adjusted total volume’’ means the 
product of the freezer volume as defined in 
HRF–1–2008 (incorporated by reference; see 
§ 430.3) in cubic feet multiplied by an adjust-
ment factor. 

1.2 ‘‘Anti-sweat heater’’ means a device in-
corporated into the design of a freezer to pre-
vent the accumulation of moisture on exte-
rior or interior surfaces of the cabinet. 

1.3 ‘‘Anti-sweat heater switch’’ means a 
user-controllable switch or user interface 
which modifies the activation or control of 
anti-sweat heaters. 

1.4 ‘‘Automatic defrost’’ means a system in 
which the defrost cycle is automatically ini-
tiated and terminated, with resumption of 
normal refrigeration at the conclusion of de-
frost operation. The system automatically 
prevents the permanent formation of frost 

on all refrigerated surfaces. Nominal refrig-
erated food temperatures are maintained 
during the operation of the automatic de-
frost system. 

1.5 ‘‘Automatic icemaker’’ means a device 
that can be supplied with water without user 
intervention, either from a pressurized water 
supply system or by transfer from a water 
reservoir, that automatically produces, har-
vests, and stores ice in a storage bin, with 
means to automatically interrupt the har-
vesting operation when the ice storage bin is 
filled to a pre-determined level. 

1.6 ‘‘Complete temperature cycle’’ means 
a time period defined based upon the cycling 
of compartment temperature that starts 
when the compartment temperature is at a 
maximum and ends when the compartment 
temperature returns to an equivalent max-
imum (within 0.5 °F of the starting tempera-
ture), having in the interim fallen to a min-
imum and subsequently risen again to reach 
the second maximum. Alternatively, a com-
plete temperature cycle can be defined to 
start when the compartment temperature is 
at a minimum and end when the compart-
ment temperature returns to an equivalent 
minimum (within 0.5 °F of the starting tem-
perature), having in the interim risen to a 
maximum and subsequently fallen again to 
reach the second minimum. 

1.7 ‘‘Cycle’’ means the period of 24 hours 
for which the energy use of a freezer is cal-
culated as though the consumer-activated 
compartment temperature controls were set 
to maintain the standardized temperature 
(see section 3.2). 

1.8 ‘‘Cycle type’’ means the set of test con-
ditions having the calculated effect of oper-
ating a freezer for a period of 24 hours with 
the consumer-activated controls other than 
the compartment temperature control set to 
establish various operating characteristics. 

1.9 ‘‘HRF–1–2008’’ means AHAM Standard 
HRF–1–2008, Association of Home Appliance 
Manufacturers, Energy and Internal Volume 
of Refrigerating Appliances (2008), including 
Errata to Energy and Internal Volume of Re-
frigerating Appliances, Correction Sheet 
issued November 17, 2009. Only sections of 
HRF–1–2008 (incorporated by reference; see 
§ 430.3) specifically referenced in this test 
procedure are part of this test procedure. In 
cases where there is a conflict, the language 
of the test procedure in this appendix takes 
precedence over HRF–1–2008. 

1.10 ‘‘Ice storage bin’’ means a container 
in which ice can be stored. 

1.11 ‘‘Long-time automatic defrost’’ means 
an automatic defrost system where succes-
sive defrost cycles are separated by 14 hours 
or more of compressor operating time. 

1.12 ‘‘Precooling’’ means operating a re-
frigeration system before initiation of a de-
frost cycle to reduce one or more compart-
ment temperatures significantly (more than 
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0.5 °F) below its minimum during stable op-
eration between defrosts. 

1.13 ‘‘Quick freeze’’ means an optional fea-
ture on freezers that is initiated manually. 
It bypasses the thermostat control and oper-
ates continually until the feature is termi-
nated either manually or automatically. 

1.14 ‘‘Recovery’’ means operating a refrig-
eration system after the conclusion of a de-
frost cycle to reduce the temperature of one 
or more compartments to the temperature 
range that the compartment(s) exhibited 
during stable operation between defrosts. 

1.15 ‘‘Separate auxiliary compartment’’ 
means a freezer compartment other than the 
first freezer compartment of a freezer having 
more than one compartment. Access to a 
separate auxiliary compartment is through a 
separate exterior door or doors rather than 
through the door or doors of another com-
partment. Separate auxiliary freezer com-
partments may not be larger than the first 
freezer compartment. 

1.16 ‘‘Special compartment’’ means any 
compartment without doors directly acces-
sible from the exterior, and with separate 
temperature control that is not convertible 
from fresh food temperature range to freezer 
temperature range. 

1.17 ‘‘Stabilization period’’ means the total 
period of time during which steady-state 
conditions are being attained or evaluated. 

1.18 ‘‘Stable operation’’ means operation 
after steady-state conditions have been 
achieved but excluding any events associated 
with defrost cycles. During stable operation 
the average rate of change of compartment 
temperature must not exceed 0.042 °F (0.023 
°C) per hour. Such a calculation performed 
for compartment temperatures at any two 
times, or for any two periods of time com-
prising complete cycles, during stable oper-
ation must meet this requirement. 

(a) If compartment temperatures do not 
cycle, the relevant calculation shall be the 
difference between the temperatures at two 
points in time divided by the difference, in 
hours, between those points in time. 

(b) If compartment temperatures cycle as a 
result of compressor cycling or other cycling 
operation of any system component (e.g., a 
damper, fan, or heater), the relevant calcula-
tion shall be the difference between compart-
ment temperature averages evaluated for 
whole compressor cycles or complete tem-
perature cycles divided by the difference, in 
hours, between either the starts, ends, or 
mid-times of the two cycles. 

1.19 ‘‘Standard cycle’’ means the cycle type 
in which the anti-sweat heater switch, when 
provided, is set in the highest energy-con-
suming position. 

1.20 ‘‘Through-the-door ice/water dis-
penser’’ means a device incorporated within 
the cabinet, but outside the boundary of the 
refrigerated space, that delivers to the user 
on demand ice and may also deliver water 

from within the refrigerated space without 
opening an exterior door. This definition in-
cludes dispensers that are capable of dis-
pensing ice and water or ice only. 

1.21 ‘‘Variable defrost control’’ means an 
automatic defrost system in which succes-
sive defrost cycles are determined by an op-
erating condition variable or variables other 
than solely compressor operating time. This 
includes any electrical or mechanical device 
performing this function. A control scheme 
that changes the defrost interval from a 
fixed length to an extended length (without 
any intermediate steps) is not considered a 
variable defrost control. A variable defrost 
control feature should predict the accumula-
tion of frost on the evaporator and react ac-
cordingly. Therefore, the times between de-
frost should vary with different usage pat-
terns and include a continuum of lengths of 
time between defrosts as inputs vary. 

2. Test Conditions 

2.1 Ambient Temperature Measurement. 
Temperature measuring devices shall be 
shielded so that indicated temperatures are 
not affected by the operation of the con-
densing unit or adjacent units. 

2.1.1 Ambient Temperature. The ambient 
temperature shall be recorded at points lo-
cated 3 feet (91.5 cm) above the floor and 10 
inches (25.4 cm) from the center of the two 
sides of the unit under test. The ambient 
temperature shall be 90.0 ±1.0 °F (32.2 ±0.6 °C) 
during the stabilization period and the test 
period. 

2.1.2 Ambient Temperature Gradient. The 
test room vertical ambient temperature gra-
dient in any foot of vertical distance from 2 
inches (5.1 cm) above the floor or supporting 
platform to a height of 1 foot (30.5 cm) above 
the top of the unit under test is not to ex-
ceed 0.5 °F per foot (0.9 °C per meter). The 
vertical ambient temperature gradient at lo-
cations 10 inches (25.4 cm) out from the cen-
ters of the two sides of the unit being tested 
is to be maintained during the test. To dem-
onstrate that this requirement has been met, 
test data must include measurements taken 
using temperature sensors at locations 10 
inches (25.4 cm) from the center of the two 
sides of the unit under test at heights of 2 
inches (5.1 cm) and 36 inches (91.4 cm) above 
the floor or supporting platform and at a 
height of 1 foot (30.5 cm) above the unit 
under test. 

2.1.3 Platform. A platform must be used if 
the floor temperature is not within 3 °F (1.7 
°C) of the measured ambient temperature. If 
a platform is used, it is to have a solid top 
with all sides open for air circulation under-
neath, and its top shall extend at least 1 foot 
(30.5 cm) beyond each side and front of the 
unit under test and extend to the wall in the 
rear. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00313 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



304 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. B 

2.2 Operational Conditions. The freezer 
shall be installed and its operating condi-
tions maintained in accordance with HRF–1– 
2008 (incorporated by reference; see § 430.3), 
sections 5.3.2 through section 5.5.5.5 (but ex-
cluding sections 5.5.5.2 and 5.5.5.4). The quick 
freeze option shall be switched off except as 
specified in section 3.1 of this appendix. Ad-
ditional clarifications are noted in sections 
2.3 through 2.9 of this appendix. 

2.3 Anti-Sweat Heaters. The anti-sweat 
heater switch is to be on during one test and 
off during a second test. In the case of a 
freezer with variable anti-sweat heater con-
trol, the standard cycle energy use shall be 
the result of the calculation described in 
6.2.3. 

2.4 The cabinet and its refrigerating mech-
anism shall be assembled and set up in ac-
cordance with the printed consumer instruc-
tions supplied with the cabinet. Set-up of the 
freezer shall not deviate from these instruc-
tions, unless explicitly required or allowed 
by this test procedure. Specific required or 
allowed deviations from such set-up include 
the following: 

(a) Connection of water lines and installa-
tion of water filters are not required; 

(b) Clearance requirements from surfaces 
of the product shall be as described in sec-
tion 2.6 below; 

(c) The electric power supply shall be as 
described in HRF–1–2008 (incorporated by ref-
erence; see § 430.3) section 5.5.1; 

(d) Temperature control settings for test-
ing shall be as described in section 3 of this 
appendix. Settings for special compartments 
shall be as described in section 2.5 of this ap-
pendix; 

(e) The product does not need to be an-
chored or otherwise secured to prevent tip-
ping during energy testing; 

(f) All the product’s chutes and throats re-
quired for the delivery of ice shall be free of 
packing, covers, or other blockages that may 
be fitted for shipping or when the icemaker 
is not in use; and 

(g) Ice storage bins shall be emptied of ice. 
For cases in which set-up is not clearly de-

fined by this test procedure, manufacturers 
must submit a petition for a waiver (see sec-
tion 7). 

2.5 Special compartments shall be tested 
with controls set to provide the coldest tem-
perature. However, for special compartments 
in which temperature control is achieved 
using the addition of heat (including resis-
tive electric heating, refrigeration system 
waste heat, or heat from any other source, 
but excluding the transfer of air from an-
other part of the interior of the product) for 
any part of the controllable temperature 
range of that compartment, the product en-
ergy use shall be determined by averaging 
two sets of tests. The first set of tests shall 
be conducted with such special compart-
ments at their coldest settings, and the sec-

ond set of tests shall be conducted with such 
special compartments at their warmest set-
tings. The requirements for the warmest or 
coldest temperature settings of this section 
do not apply to features or functions associ-
ated with temperature control (such as quick 
freeze) that are initiated manually and ter-
minated automatically within 168 hours. 

2.6 Rear Clearance. 
(a) General. The space between the lowest 

edge of the rear plane of the cabinet and a 
vertical surface (the test room wall or simu-
lated wall) shall be the minimum distance in 
accordance with the manufacturer’s instruc-
tions, unless other provisions of this section 
apply. The rear plane shall be considered to 
be the largest flat surface at the rear of the 
cabinet, excluding features that protrude be-
yond this surface, such as brackets or com-
pressors. 

(b) Maximum clearance. The clearance 
shall not be greater than 2 inches (51 mm) 
from the lowest edge of the rear plane to the 
vertical surface, unless the provisions of sub-
section (c) of this section apply. 

(c) If permanent rear spacers or other com-
ponents that protrude beyond the rear plane 
extend further than the 2 inch (51 mm) dis-
tance, or if the highest edge of the rear plane 
is in contact with the vertical surface when 
the unit is positioned with the lowest edge of 
the rear plane at or further than the 2 inch 
(51 mm) distance from the vertical surface, 
the appliance shall be located with the spac-
ers or other components protruding beyond 
the rear plane, or the highest edge of the 
rear plane, in contact with the vertical sur-
face. 

(d) Rear-mounted condensers. If the prod-
uct has a flat rear-wall-mounted condenser 
(i.e., a rear-wall-mounted condenser with all 
refrigerant tube centerlines within 0.25 
inches (6.4 mm) of the condenser plane), and 
the area of the condenser plane represents at 
least 25% of the total area of the rear wall of 
the cabinet, then the spacing to the vertical 
surface may be measured from the lowest 
edge of the condenser plane. 

2.7 Steady State Condition. Steady-state 
conditions exist if the temperature measure-
ments taken at 4-minute intervals or less 
during a stabilization period are not chang-
ing at a rate greater than 0.042 °F (0.023 °C) 
per hour as determined by the applicable 
condition of A or B described below. 

A—The average of the measurements dur-
ing a 2-hour period if no cycling occurs or 
during a number of complete repetitive com-
pressor cycles occurring through a period of 
no less than 2 hours is compared to the aver-
age over an equivalent time period with 3 
hours elapsing between the two measure-
ment periods. 

B—If A above cannot be used, the average 
of the measurements during a number of 
complete repetitive compressor cycles occur-
ring through a period of no less than 2 hours 
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and including the last complete cycle before 
a defrost period (or if no cycling occurs, the 
average of the measurements during the last 
2 hours before a defrost period) are compared 
to the same averaging period before the fol-
lowing defrost period. 

2.8 Freezers with Demand-Response Capa-
bility. Freezers that have a communication 
module for demand-response functions that 
is located within the cabinet shall be tested 
with the communication module in the con-
figuration set at the factory just before ship-
ping. 

2.9 For products that require the freezer 
compartment to be loaded with packages in 
accordance with section 5.5.5.3 of HRF–1–2008, 
the number of packages comprising the 75% 
load shall be determined by filling the com-
partment completely with the packages that 
are to be used for the test, such that the 
packages fill as much of the usable refrig-
erated space within the compartment as is 
physically possible, and then removing from 
the compartment a number of packages so 
that the compartment contains 75% of the 
packages that were placed in the compart-
ment to completely fill it. If multiplying the 
total number of packages by 0.75 results in a 
fraction, the number of packages used shall 
be rounded to the nearest whole number, 
rounding up if the result ends in 0.5. For 
multi-shelf units, this method shall be ap-
plied to each shelf. For both single- and 
multi-shelf units, the remaining packages 
shall be arranged as necessary to provide the 
required air gap and thermocouple place-
ment. The number of packages comprising 
the 100% and 75% loading conditions shall be 
recorded in the test data maintained in ac-
cordance with 10 CFR 429.71. 

3. Test Control Settings 

3.1 Model with No User Operable Tempera-
ture Control. A test shall be performed dur-
ing which the compartment temperature and 
energy use shall be measured. A second test 
shall be performed with the temperature 
control electrically short circuited to cause 
the compressor to run continuously. If the 
model has the quick freeze option, this op-
tion must be used to bypass the temperature 
control. 

3.2 Model with User Operable Temperature 
Control. Testing shall be performed in ac-
cordance with one of the following sections 
using the standardized temperature of 0.0 °F 
(¥17.8 °C). 
For the purposes of comparing compartment 
temperatures with standardized tempera-
tures, as described in sections 3.2.1 and 3.2.2, 
the freezer compartment temperature shall 
be as specified in section 5.1.3. 

3.2.1 A first test shall be performed with 
all temperature controls set at their median 
position midway between their warmest and 
coldest settings. For mechanical control sys-

tems, (a) knob detents shall be mechanically 
defeated if necessary to attain a median set-
ting, and (b) the warmest and coldest set-
tings shall correspond to the positions in 
which the indicator is aligned with control 
symbols indicating the warmest and coldest 
settings. For electronic control systems, the 
test shall be performed with all compart-
ment temperature controls set at the aver-
age of the coldest and warmest settings; if 
there is no setting equal to this average, the 
setting closest to the average shall be used. 
If there are two such settings equally close 
to the average, the higher of these tempera-
ture control settings shall be used. A second 
test shall be performed with all controls set 
at either their warmest or their coldest set-
ting (not electrically or mechanically by-
passed), whichever is appropriate, to attempt 
to achieve compartment temperatures meas-
ured during the two tests that bound (i.e., 
one is above and one is below) the standard-
ized temperature. If the compartment tem-
peratures measured during these two tests 
bound the standardized temperature, then 
these test results shall be used to determine 
energy consumption. If the compartment 
temperature measured with all controls set 
at their coldest setting is above the stand-
ardized temperature, the tested unit fails the 
test and cannot be rated. If the compartment 
temperature measured with all controls set 
at their warmest setting is below the stand-
ardized temperature, then the result of this 
test alone will be used to determine energy 
consumption. Also see Table 1 of this appen-
dix, which summarizes these requirements. 

TABLE 1—TEMPERATURE SETTINGS FOR 
FREEZERS 

First test Second test Energy calculation 
based on: Settings Results Settings Results 

Mid ....... Low ..... Warm .. Low ..... Second Test Only. 
High .... First and Second 

Tests. 
High .... Cold .... Low ..... First and Second 

Tests. 
High .... No Energy Use 

Rating. 

3.2.2 Alternatively, a first test may be per-
formed with all temperature controls set at 
their warmest setting. If the compartment 
temperature is below the standardized tem-
perature, then the result of this test alone 
will be used to determine energy consump-
tion. If this condition is not met, then the 
unit shall be tested in accordance with sec-
tion 3.2.1. 

4. Test Period 

Tests shall be performed by establishing 
the conditions set forth in section 2 and 
using the control settings as set forth in sec-
tion 3 above. 
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4.1 Non-automatic Defrost. If the model 
being tested has no automatic defrost sys-
tem, the test period shall start after steady- 
state conditions (see section 2.7 of this ap-
pendix) have been achieved and be no less 
than three hours in duration. During the test 
period, the compressor motor shall complete 
two or more whole compressor cycles. (A 
whole compressor cycle is a complete ‘‘on’’ 
and a complete ‘‘off’’ period of the motor.) If 
no ‘‘off’’ cycling occurs, the test period shall 
be three hours. If less than two compressor 
cycles occur during a 24-hour period, then a 
single complete compressor cycle may be 
used. 

4.2 Automatic Defrost. If the model being 
tested has an automatic defrost system, the 
test time period shall start after steady- 
state conditions have been achieved and be 
from one point during a defrost period to the 
same point during the next defrost period. If 
the model being tested has a long-time auto-
matic defrost system, the alternate provi-
sions of 4.2.1 may be used. If the model being 
tested has a variable defrost control, the pro-
visions of 4.2.2 shall apply. 

4.2.1 Long-time Automatic Defrost. If the 
model being tested has a long-time auto-
matic defrost system, the two-part test de-
scribed in this section may be used. The first 
part is a stable period of compressor oper-
ation that includes no portions of the defrost 
cycle, such as precooling or recovery, that is 
otherwise the same as the test for a unit 
having no defrost provisions (section 4.1). 
The second part is designed to capture the 
energy consumed during all of the events oc-
curring with the defrost control sequence 
that are outside of stable operation. 

4.2.1.1 Cycling Compressor System. For a 
system with a cycling compressor, the sec-
ond part of the test starts at the termination 
of the last regular compressor ‘‘on’’ cycle. 
The average temperature of the compart-
ment measured from the termination of the 
previous compressor ‘‘on’’ cycle to the termi-
nation of the last regular compressor ‘‘on’’ 
cycle must be within 0.5 °F (0.3 °C) of the av-
erage temperature of the compartment 
measured for the first part of the test. If any 
compressor cycles occur prior to the defrost 
heater being energized that cause the aver-
age temperature in the compartment to de-
viate from the average temperature for the 
first part of the test by more than 0.5 °F (0.3 
°C), these compressor cycles are not consid-
ered regular compressor cycles and must be 
included in the second part of the test. As an 
example, a ‘‘precooling’’ cycle, which is an 
extended compressor cycle that lowers the 
compartment temperature prior to ener-
gizing the defrost heater, must be included 
in the second part of the test. The test pe-
riod for the second part of the test ends at 
the termination of the first regular com-
pressor ‘‘on’’ cycle after the compartment 
temperatures have fully recovered to their 
stable conditions. The average temperature 
of the compartment measured from this ter-
mination of the first regular compressor 
‘‘on’’ cycle until the termination of the next 
regular compressor ‘‘on’’ cycle must be with-
in 0.5 °F (0.3 °C) of the average temperature 
of the compartment measured for the first 
part of the test. See Figure 1. Note that Fig-
ure 1 illustrates the concepts of precooling 
and recovery but does not represent all pos-
sible defrost cycles. 
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4.2.1.2 Non-cycling Compressor System. 
For a system with a non-cycling compressor, 
the second part of the test starts at a time 
before defrost during stable operation when 
the compartment temperature is within 0.5 
°F (0.3 °C) of the average temperature of the 
compartment measured for the first part of 

the test. The second part stops at a time 
after defrost during stable operation when 
the compartment temperature is within 0.5 
°F (0.3 °C) of the average temperature of the 
compartment measured for the first part of 
the test. See Figure 2. 
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4.2.2 Variable Defrost Control. If the model 
being tested has a variable defrost control 
system, the test shall consist of the same 
two parts as the test for long-time auto-
matic defrost (section 4.2.1). 

5. Test Measurements 

5.1 Temperature Measurements. (a) Tem-
perature measurements shall be made at the 
locations prescribed in Figure 5.2 of HRF–1– 
2008 (incorporated by reference; see § 430.3) 
and shall be accurate to within ±0.5 °F (0.3 
°C). 

(b) If the interior arrangements of the unit 
under test do not conform with those shown 
in Figure 5.2 of HRF–1–2008, the unit may be 
tested by relocating the temperature sensors 
from the locations specified in the figures to 
avoid interference with hardware or compo-
nents within the unit, in which case the spe-
cific locations used for the temperature sen-
sors shall be noted in the test data records 
maintained by the manufacturer in accord-
ance with 10 CFR 429.71, and the certification 

report shall indicate that non-standard sen-
sor locations were used. If any temperature 
sensor is relocated by any amount from the 
location prescribed in Figure 5.2 of HRF–1– 
2008 in order to maintain a minimum 1-inch 
air space from adjustable shelves or other 
components that could be relocated by the 
consumer, this constitutes a relocation of 
temperature sensors that shall be recorded 
in the test data and reported in the certifi-
cation report as described above. 

5.1.1 Measured Temperature. The measured 
temperature is to be the average of all sensor 
temperature readings taken at a particular 
point in time. Measurements shall be taken 
at regular intervals not to exceed 4 minutes. 

5.1.2 Compartment Temperature. The 
compartment temperature for each test pe-
riod shall be an average of the measured 
temperatures taken in a compartment dur-
ing the test period as defined in section 4 of 
this appendix. For long-time automatic de-
frost models, compartment temperature 
shall be that measured in the first part of 
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the test period specified in section 4.2.1 of 
this appendix. For models with variable de-
frost controls, compartment temperature 
shall be that measured in the first part of 
the test period specified in section 4.2.2 of 
this appendix. For models with automatic 
defrost that is neither long-time nor variable 
defrost, the compartment temperature shall 
be an average of the measured temperatures 
taken in a compartment during a stable pe-
riod of compressor operation that (a) in-

cludes no defrost cycles or events associated 
with a defrost cycle, such as precooling or 
recovery, (b) is no less than three hours in 
duration, and (c) includes two or more whole 
compressor cycles. If the compressor does 
not cycle, the stable period used for the tem-
perature average shall be three hours in du-
ration. 

5.1.3 Freezer Compartment Temperature. 
The freezer compartment temperature shall 
be calculated as: 

Where: 
F is the total number of applicable freezer 

compartments, which include the first 
freezer compartment and any number of 
separate auxiliary freezer compartments; 

TFi is the compartment temperature of 
freezer compartment ‘‘i’’ determined in 
accordance with section 5.1.2; and 

VFi is the volume of freezer compartment 
‘‘i’’. 

5.2 Energy Measurements: 
5.2.1 Per-Day Energy Consumption. The en-

ergy consumption in kilowatt-hours per day 
for each test period shall be the energy ex-
pended during the test period as specified in 
section 4 adjusted to a 24-hour period. The 
adjustment shall be determined as follows: 

5.2.1.1 Nonautomatic and Automatic De-
frost Models. The energy consumption in kil-
owatt-hours per day shall be calculated 
equivalent to: 

ET = (EP × 1440 × K)/T 

Where: 

ET = test cycle energy expended in kilowatt- 
hours per day; 

EP = energy expended in kilowatt-hours dur-
ing the test period; 

T = length of time of the test period in min-
utes; 

1440 = conversion factor to adjust to a 24- 
hour period in minutes per day; and 

K = dimensionless correction factor of 0.7 for 
chest freezers and 0.85 for upright freez-
ers to adjust for average household 
usage. 

5.2.1.2 Long-time Automatic Defrost. If the 
two-part test method is used, the energy 
consumption in kilowatt-hours per day shall 
be calculated equivalent to: 

ET = (1440 × K × EP1/T1) + (EP2¥(EP1 × T2/ 
T1)) × K × (12/CT) 

Where: 

ET, 1440, and K are defined in section 5.2.1.1; 

EP1 = energy expended in kilowatt-hours 
during the first part of the test; 

EP2 = energy expended in kilowatt-hours 
during the second part of the test; 

CT = defrost timer run time or compressor 
run time between defrosts in hours re-
quired to cause it to go through a com-
plete cycle, rounded to the nearest tenth 
of an hour; 

12 = conversion factor to adjust for a 50 per-
cent run time of the compressor in hours 
per day; and 

T1 and T2 = length of time in minutes of the 
first and second test parts respectively. 

5.2.1.3 Variable Defrost Control. The en-
ergy consumption in kilowatt-hours per day 
shall be calculated equivalent to: 

ET = (1440 × K × EP1/T1) + (EP2¥(EP1 × T2/ 
T1)) × K × (12/CT), 

Where: 

ET, 1440, and K are defined in section 5.2.1.1 
and EP1, EP2, T1, T2, and 12 are defined 
in section 5.2.1.2; 

CT = (CTL × CTM)/(F × (CTM ¥ CTL) + CTL); 
CTL = the shortest compressor run time be-

tween defrosts used in the variable de-
frost control algorithm (greater than or 
equal to 6 but less than or equal to 12 
hours), or the shortest compressor run 
time between defrosts observed for the 
test (if it is shorter than the shortest run 
time used in the control algorithm and is 
greater than 6 hours), or 6 hours (if the 
shortest observed run time is less than 6 
hours), in hours rounded to the nearest 
tenth of an hour; 

CTM = maximum compressor run time be-
tween defrosts in hours rounded to the 
nearest tenth of an hour (greater than 
CTL but not more than 96 hours); 

F = ratio of per day energy consumption in 
excess of the least energy and the max-
imum difference in per-day energy con-
sumption and is equal to 0.20. 
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For variable defrost models with no values 
for CTL and CTM in the algorithm, the de-
fault values of 6 and 96 shall be used, respec-
tively. 

5.3 Volume Measurements. (a) The unit’s 
total refrigerated volume, VT, shall be meas-
ured in accordance with HRF–1–2008 (incor-
porated by reference; see § 430.3), section 3.30 
and sections 4.2 through 4.3. The measured 
volume shall include all spaces within the 
insulated volume of each compartment ex-
cept for the volumes that must be deducted 
in accordance with section 4.2.2 of HRF–1– 
2008. 

(b) In the case of freezers with automatic 
icemakers, the volume occupied by the auto-
matic icemaker, including its ice storage 
bin, is to be included in the volume measure-
ment. 

(c) Total refrigerated volume is determined 
by physical measurement of the test unit. 
Measurements and calculations used to de-
termine the total refrigerated volume shall 
be retained as part of the test records under-
lying the certification of the basic model in 
accordance with 10 CFR 429.71. 

6. Calculation of Derived Results From Test 
Measurements 

6.1 Adjusted Total Volume. The adjusted 
total volume, VA, for freezers under test 
shall be defined as: 

VA = VT × CF 

Where: 
VA = adjusted total volume in cubic feet; 
VT = total refrigerated volume in cubic feet; 

and 
CF = dimensionless correction factor of 1.76. 

6.2 Average Per-Cycle Energy Consump-
tion. The average per-cycle energy consump-
tion for a cycle type, E, is expressed in kilo-
watt-hours per cycle to the nearest one hun-
dredth (0.01) kilowatt-hour, and shall be cal-
culated according to the sections below. 

6.2.1 If the compartment temperature is 
always below 0.0 °F (¥17.8 °C), the average 
per-cycle energy consumption shall be equiv-
alent to: 
E = ET1 + IET 
Where: 
ET is defined in 5.2.1; 
The number 1 indicates the test period dur-

ing which the highest compartment tem-
perature is measured; and 

IET, expressed in kilowatt-hours per cycle, 
equals 0 (zero) for products without an 
automatic icemaker, and equals 0.23 for 
products with an automatic icemaker. 

6.2.2 If one of the compartment tempera-
tures measured for a test period is greater 
than 0.0 °F (17.8 °C), the average per-cycle en-
ergy consumption shall be equivalent to: 
E = ET1 + ((ET2 ¥ ET1) × (0.0 ¥ TF1)/(TF2 ¥ 

TF1)) + IET 

Where: 

IET is defined in 6.2.1 and ET is defined in 
5.2.1; 

TF = freezer compartment temperature de-
termined according to 5.1.3 in degrees F; 

The numbers 1 and 2 indicate measurements 
taken during the first and second test pe-
riod as appropriate; and 

0.0 = standardized compartment temperature 
in degrees F. 

6.2.3 Variable Anti-Sweat Heater Models. 
The standard cycle energy consumption of a 
freezer with a variable anti-sweat heater 
control (Estd), expressed in kilowatt-hours 
per day, shall be calculated equivalent to: 

Estd = E + (Correction Factor) where E is de-
termined by 6.2.1, or 6.2.2, whichever is 
appropriate, with the anti-sweat heater 
switch in the ‘‘off’’ position or, for a 
product without an anti-sweat heater 
switch, the anti-sweat heater in its low-
est energy use state. 

Correction Factor = (Anti-sweat Heater 
Power × System-loss Factor) × (24 hrs/1 
day) × (1 kW/1000 W) 

Where: 

Anti-sweat Heater Power = 0.034 * (Heater 
Watts at 5%RH) 

+ 0.211 * (Heater Watts at 15%RH) 
+ 0.204 * (Heater Watts at 25%RH) 
+ 0.166 * (Heater Watts at 35%RH) 
+ 0.126 * (Heater Watts at 45%RH) 
+ 0.119 * (Heater Watts at 55%RH) 
+ 0.069 * (Heater Watts at 65%RH) 
+ 0.047 * (Heater Watts at 75%RH) 
+ 0.008 * (Heater Watts at 85%RH) 
+ 0.015 * (Heater Watts at 95%RH) 
Heater Watts at a specific relative humidity 

= the nominal watts used by all heaters 
at that specific relative humidity, 72 °F 
ambient (22.2 °C), and DOE reference 
freezer (FZ) average temperature of 0 °F 
(¥17.8 °C). 

System-loss Factor = 1.3 

7. Test Procedure Waivers 

To the extent that the procedures con-
tained in this appendix do not provide a 
means for determining the energy consump-
tion of a freezer, a manufacturer must obtain 
a waiver under 10 CFR 430.27 to establish an 
acceptable test procedure for each such prod-
uct. Such instances could, for example, in-
clude situations where the test set-up for a 
particular freezer basic model is not clearly 
defined by the provisions of section 2. For de-
tails regarding the criteria and procedures 
for obtaining a waiver, please refer to 10 CFR 
430.27. 

[75 FR 78866, Dec. 16, 2010, as amended at 76 
FR 12502, Mar. 7, 2011; 76 FR 24781, May 2, 
2011; 77 FR 3577, Jan. 25, 2012; 79 FR 22354, 
Apr. 21, 2014; 79 FR 41418, July 16, 2014] 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00320 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



311 

Department of Energy Pt. 430, Subpt. B, App. B1 

APPENDIX B1 TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF FREEZERS 

The provisions of appendix B1 shall apply 
to all products manufactured prior to the ef-
fective date of any amended standards pro-
mulgated by DOE pursuant to Section 
325(b)(4) of the Energy Policy and Conserva-
tion Act of 1975, as amended by the Energy 
Independence and Security Act of 2007 (to be 
codified at 42 U.S.C. 6295(b)(4)). 

1. Definitions 

Section 3, Definitions, of HRF–1–1979 (incor-
porated by reference; see § 430.3) applies to 
this test procedure. 

1.1 Adjusted total volume’’ means the prod-
uct of, (1) the freezer volume as defined in 
HRF–1–1979 in cubic feet, times (2) an adjust-
ment factor. 

1.2 ‘‘Anti-sweat heater’’ means a device in-
corporated into the design of a freezer to pre-
vent the accumulation of moisture on exte-
rior or interior surfaces of the cabinet. 

1.3 ‘‘Anti-sweat heater switch’’ means a 
user-controllable switch or user interface 
which modifies the activation or control of 
anti-sweat heaters. 

1.4 ‘‘Automatic Defrost’’ means a system 
in which the defrost cycle is automatically 
initiated and terminated, with resumption of 
normal refrigeration at the conclusion of de-
frost operation. The system automatically 
prevents the permanent formation of frost 
on all refrigerated surfaces. Nominal refrig-
erated food temperatures are maintained 
during the operation of the automatic de-
frost system. 

1.5 ‘‘Cycle’’ means the period of 24 hours 
for which the energy use of a freezer is cal-
culated as though the consumer-activated 
compartment temperature controls were set 
to maintain the standardized temperature 
(see section 3.2). 

1.6 ‘‘Cycle type’’ means the set of test con-
ditions having the calculated effect of oper-
ating a freezer for a period of 24 hours with 
the consumer-activated controls other than 
the compartment temperature control set to 
establish various operating characteristics. 

1.7 ‘‘HRF–1–1979’’ means the Association of 
Home Appliance Manufacturers standard for 
household refrigerators, combination refrig-
erator-freezers, and household freezers, also 
approved as an American National Standard 
as a revision of ANSI B 38.1–1970. Only sec-
tions of HRF–1–1979 (incorporated by ref-
erence; see § 430.3) specifically referenced in 
this test procedure are part of this test pro-
cedure. In cases where there is a conflict, the 
language of the test procedure in this appen-
dix takes precedence over HRF–1–1979. 

1.8 ‘‘Long-time Automatic Defrost’’ means 
an automatic defrost system where succes-

sive defrost cycles are separated by 14 hours 
or more of compressor-operating time. 

1.9 ‘‘Quick freeze’’ means an optional fea-
ture on freezers that is initiated manually. 
It bypasses the thermostat control and oper-
ates continually until the feature is termi-
nated either manually or automatically. 

1.10 ‘‘Separate auxiliary compartment’’ 
means a freezer compartment other than the 
first freezer compartment of a freezer having 
more than one compartment. Access to a 
separate auxiliary compartment is through a 
separate exterior door or doors rather than 
through the door or doors of another com-
partment. Separate auxiliary freezer com-
partments may not be larger than the first 
freezer compartment. 

1.11 ‘‘Special compartment’’ means any 
compartment without doors directly acces-
sible from the exterior, and with separate 
temperature control that is not convertible 
from fresh food temperature range to freezer 
temperature range. 

1.12 ‘‘Stabilization Period’’ means the total 
period of time during which steady-state 
conditions are being attained or evaluated. 

1.13 ‘‘Standard cycle’’ means the cycle type 
in which the anti-sweat heater switch, when 
provided, is set in the highest energy con-
suming position. 

1.14 ‘‘Variable defrost control’’ means an 
automatic defrost system in which succes-
sive defrost cycles are determined by an op-
erating condition variable or variables other 
than solely compressor operating time. This 
includes any electrical or mechanical device 
performing this function. A control scheme 
that changes the defrost interval from a 
fixed length to an extended length (without 
any intermediate steps) is not considered a 
variable defrost control. A variable defrost 
control feature should predict the accumula-
tion of frost on the evaporator and react ac-
cordingly. Therefore, the times between de-
frost should vary with different usage pat-
terns and include a continuum of lengths of 
time between defrosts as inputs vary. 

2. Test Conditions. 

2.1 Ambient Temperature. The ambient 
temperature shall be 90.0 ±1.0 °F (32.2 ±0.6 °C) 
during the stabilization period and the test 
period. 

2.2 Operational Conditions. The freezer 
shall be installed and its operating condi-
tions maintained in accordance with HRF–1– 
1979, (incorporated by reference; see § 430.3), 
section 7.2 through section 7.4.3.3 (but ex-
cluding section 7.4.3.2), except that the 
vertical ambient gradient at locations 10 
inches (25.4 cm) out from the centers of the 
two sides of the unit being tested is to be 
maintained during the test. Unless the area 
is obstructed by shields or baffles, the gra-
dient is to be maintained from 2 inches (5.1 
cm) above the floor or supporting platform 
to a height 1 foot (30.5 cm) above the unit 
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under test. Defrost controls are to be opera-
tive. The quick freeze option shall be 
switched off except as specified in section 
3.1. Additional clarifications are noted in 
sections 2.3 through 2.6. 

2.3 Anti-Sweat Heaters. The anti-sweat 
heater switch is to be on during one test and 
off during a second test. In the case of an 
electric freezer equipped with variable anti- 
sweat heater control, the standard cycle en-
ergy use shall be the result of the calcula-
tion described in 6.2.2. 

2.4 The cabinet and its refrigerating mech-
anism shall be assembled and set up in ac-
cordance with the printed consumer instruc-
tions supplied with the cabinet. Set-up of the 
freezer shall not deviate from these instruc-
tions, unless explicitly required or allowed 
by this test procedure. Specific required or 
allowed deviations from such set-up include 
the following: 

(a) Connection of water lines and installa-
tion of water filters are not required; 

(b) Clearance requirements from surfaces 
of the product shall be as specified in section 
2.6 below; 

(c) The electric power supply shall be as 
described in HRF–1–1979 (incorporated by ref-
erence; see § 430.3) section 7.4.1; 

(d) Temperature control settings for test-
ing shall be as described in section 3 of this 
appendix. Settings for special compartments 
shall be as described in section 2.5 of this ap-
pendix; 

(e) The product does not need to be an-
chored or otherwise secured to prevent tip-
ping during energy testing; and 

(f) All the product’s chutes and throats re-
quired for the delivery of ice shall be free of 
packing, covers, or other blockages that may 
be fitted for shipping or when the icemaker 
is not in use. 

For cases in which set-up is not clearly de-
fined by this test procedure, manufacturers 
must submit a petition for a waiver (see sec-
tion 7). 

2.5 Special compartments shall be tested 
with controls set to provide the coldest tem-
perature. This requirement for the coldest 
temperature does not apply to features or 
functions (such as quick freeze) that are ini-
tiated manually and terminated automati-
cally within 168 hours. 

2.6 The space between the back of the cabi-
net and a vertical surface (the test room wall 
or simulated wall) shall be the minimum dis-
tance in accordance with the manufacturer’s 
instructions. 

2.7 Steady State Condition. Steady state 
conditions exist if the temperature measure-
ments taken at four minute intervals or less 
during a stabilization period are not chang-
ing at a rate greater than 0.042 °F. (0.023 °C.) 
per hour as determined by the applicable 
condition of A or B. 
A—The average of the measurements during 

a two hour period if no cycling occurs or 

during a number of complete repetitive 
compressor cycles through a period of no 
less than two hours is compared to the av-
erage over an equivalent time period with 
three hours elapsed between the two meas-
urement periods. 

B—If A above cannot be used, the average of 
the measurements during a number of 
complete repetitive compressor cycles 
through a period of no less than two hours 
and including the last complete cycle prior 
to a defrost period, or if no cycling occurs, 
the average of the measurements during 
the last two hours prior to a defrost period; 
are compared to the same averaging period 
prior to the following defrost period. 

3. Test Control Settings. 

3.1 Model with No User Operable Tempera-
ture Control. A test shall be performed dur-
ing which the compartment temperature and 
energy use shall be measured. A second test 
shall be performed with the temperature 
control electrically short circuited to cause 
the compressor to run continuously. If the 
model has the quick freeze option, this op-
tion must be used to bypass the temperature 
control. 

3.2 Model with User Operable Temperature 
Control. Testing shall be performed in ac-
cordance with one of the following sections 
using the standardized temperature of 0.0 °F 
(¥17.8 °C). 

For the purposes of comparing compartment 
temperatures with standardized tempera-
tures, as described in sections 3.2.1 through 
3.2.3, the freezer compartment temperature 
shall be as specified in section 5.1.3. 

3.2.1 A first test shall be performed with all 
temperature controls set at their median po-
sition midway between their warmest and 
coldest settings. For mechanical control sys-
tems, knob detents shall be mechanically de-
feated if necessary to attain a median set-
ting. For electronic control systems, the test 
shall be performed with all compartment 
temperature controls set at the average of 
the coldest and warmest settings—if there is 
no setting equal to this average, the setting 
closest to the average shall be used. If there 
are two such settings equally close to the av-
erage, the higher of these temperature con-
trol settings shall be used. If the compart-
ment temperature measured during the first 
test is higher than the standardized tempera-
ture, the second test shall be conducted with 
the controls set at the coldest settings. If 
the compartment temperature measured 
during the first test is lower than the stand-
ardized temperature, the second test shall be 
conducted with the controls set at the warm-
est settings. If the compartment tempera-
tures measured during these two tests bound 
the standardized temperature, then these 
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test results shall be used to determine en-
ergy consumption. If the compartment tem-
perature measured with all controls set at 
their coldest settings is above the standard-
ized temperature, a third test shall be per-
formed with all controls set at their warmest 
settings and the result of this test shall be 
used with the result of the test performed 
with all controls set at their coldest settings 
to determine energy consumption. If the 
compartment temperature measured with all 
controls set at their warmest settings is 
below the standardized temperature, then 
the result of this test alone will be used to 
determine energy consumption. 

3.2.2 Alternatively, a first test may be per-
formed with all temperature controls set at 
their warmest setting. If the compartment 
temperature is below the standardized tem-
perature, then the result of this test alone 
will be used to determine energy consump-
tion. If the above condition is not met, then 
the unit shall be tested in accordance with 
3.2.1 above. 

3.2.3 Alternatively, a first test may be per-
formed with all temperature controls set at 
their coldest setting. If the compartment 
temperature is above the standardized tem-
perature, a second test shall be performed 
with all controls set at their warmest set-
ting and the results of these two tests shall 
be used to determine energy consumption. If 
the above condition is not met, then the unit 
shall be tested in accordance with 3.2.1 
above. 

4. Test Period 

Tests shall be performed by establishing 
the conditions set forth in section 2 and 
using the control settings as set forth in sec-
tion 3 of this appendix. 

4.1 Nonautomatic Defrost. If the model 
being tested has no automatic defrost sys-
tem, the test time period shall start after 
steady-state conditions have been achieved 
and be no less than 3 hours in duration. Dur-
ing the test period, the compressor motor 
shall complete two or more whole com-
pressor cycles. A compressor cycle is a com-
plete ‘‘on’’ and a complete ‘‘off’’ period of the 
motor. If no ‘‘off’’ cycling will occur, as de-
termined during the stabilization period, the 
test period shall be 3 hours. If incomplete cy-
cling occurs (less than two compressor cycles 
during a 24-hour period), the results of the 
24-hour period shall be used. 

4.2 Automatic Defrost. If the model being 
tested has an automatic defrost system, the 
test time period shall start after steady- 
state conditions have been achieved and be 
from one point during a defrost period to the 
same point during the next defrost period. If 
the model being tested has a long-time auto-
matic defrost system, the alternate provi-
sions of 4.2.1 may be used. If the model being 
tested has a variable defrost control, the pro-
visions of 4.2.2 shall apply. 

4.2.1 Long-time Automatic Defrost. If the 
model being tested has a long-time auto-
matic defrost system, the two-part test de-
scribed in this section may be used. The first 
part is the same as the test for a unit having 
no defrost provisions (section 4.1). The sec-
ond part would start when a defrost is initi-
ated when the compressor ‘‘on’’ cycle is ter-
minated prior to start of the defrost heater 
and terminates at the second turn ‘‘on’’ of 
the compressor or 4 hours from the initiation 
of the defrost heater, whichever comes first. 

4.2.2 Variable Defrost Control. If the model 
being tested has a variable defrost control 
system, the test shall consist of the same 
two parts as the test for long-time auto-
matic defrost (section 4.2.1). 

5. Test Measurements 

5.1 Temperature Measurements. Tempera-
ture measurements shall be made at the lo-
cations prescribed in Figure 7.2 of HRF–1– 
1979 (incorporated by reference; see § 430.3) 
and shall be accurate to within ±0.5 °F (0.3 
°C). If the interior arrangements of the cabi-
net do not conform with those shown in Fig-
ure 7.2 of HRF–1–1979, the product may be 
tested by relocating the temperature sensors 
from the locations specified in the figures to 
avoid interference with hardware or compo-
nents within the cabinet, in which case the 
specific locations used for the temperature 
sensors shall be noted in the test data 
records maintained by the manufacturer in 
accordance with 10 CFR 429.14, and the cer-
tification report shall indicate that non- 
standard sensor locations were used. 

5.1.1 Measured Temperature. The measured 
temperature is to be the average of all sensor 
temperature readings taken at a particular 
time. Measurements shall be taken at reg-
ular intervals not to exceed four minutes. 

5.1.2 Compartment Temperature. The com-
partment temperature for each test period 
shall be an average of the measured tempera-
tures taken during one or more complete 
compressor cycles. One compressor cycle is 
one complete motor ‘‘on’’ and one complete 
motor ‘‘off’’ period. For long-time automatic 
defrost models, compartment temperature 
shall be that measured in the first part of 
the test period specified in 4.2.1. For models 
equipped with variable defrost controls, com-
partment temperatures shall be those meas-
ured in the first part of the test period speci-
fied in 4.2.2. 

5.1.2.1 The number of complete compressor 
motor cycles over which the measured tem-
peratures in a compartment are to be aver-
aged to determine compartment temperature 
shall be equal to the number of minutes be-
tween measured temperature readings round-
ed up to the next whole minute or a number 
of complete cycles over a time period exceed-
ing one hour. One of the compressor cycles 
shall be the last complete compressor cycle 
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during the test period before start of the de-
frost control sequence for products with 
automatic defrost. 

5.1.2.2 If no compressor motor cycling oc-
curs, the compartment temperature shall be 
the average of the measured temperatures 
taken during the last thirty-two minutes of 
the test period. 

5.1.2.3 If incomplete cycling occurs (less 
than one compressor cycle), the compart-
ment temperature shall be the average of all 
readings taken during the last 3 hours of the 
last complete compressor ‘‘on’’ period. 

5.1.3 Freezer Compartment Temperature. 
The freezer compartment temperature shall 
be calculated as: 

Where: 

F is the total number of applicable freezer 
compartments, which include the first 
freezer compartment and any number of 
separate auxiliary freezer compartments; 

TFi is the compartment temperature of 
freezer compartment ‘‘i’’ determined in 
accordance with section 5.1.2; and 

VFi is the volume of freezer compartment 
‘‘i’’. 

5.2 Energy Measurements: 
5.2.1 Per-day Energy Consumption. The en-

ergy consumption in kilowatt-hours per day 
for each test period shall be the energy ex-
pended during the test period as specified in 
section 4.1 adjusted to a 24 hour period. 

The adjustment shall be determined as fol-
lows: 

5.2.1.1 Nonautomatic and automatic defrost 
models. The energy consumption in kilo-
watt-hours per day shall be calculated equiv-
alent to: 

ET = (EP × 1440 × K) / T where 

ET = test cycle energy expended in kilowatt- 
hours per day, 

EP = energy expended in kilowatt-hours dur-
ing the test period. 

T = length of time of the test period in min-
utes, 

1440 = conversion factor to adjust to a 24 
hour period in minutes per day, and 

K = correction factor of 0.7 for chest freezers 
and 0.85 for upright freezers to adjust for 
average household usage, dimensionless. 

5.2.1.2 Long-time Automatic Defrost. If the 
two part test method is used, the energy con-
sumption in kilowatt-hours per day shall be 
calculated equivalent to: 

ET = (1440 × K × EP1/T1) + (EP2¥EP1 × T2/ 
T1)) × K × (12/CT) 

Where: 

ET, 1440, and K are defined in section 5.2.1.1; 
EP1 = energy expended in kilowatt-hours 

during the first part of the test; 

EP2 = energy expended in kilowatt-hours 
during the second part of the test; 

CT = defrost timer run time or compressor 
run time between defrosts in hours re-
quired to cause it to go through a com-
plete cycle, rounded to the nearest tenth 
of an hour; 

12 = conversion factor to adjust for a 50 per-
cent run time of the compressor in hours 
per day; and 

T1 and T2 = length of time in minutes of the 
first and second test parts respectively. 

5.2.1.3 Variable Defrost Control. The en-
ergy consumption in kilowatt-hours per day 
shall be calculated equivalent to: 

ET = (1440 × K × EP1/T1) + (EP2¥(EP1 × T2/ 
T1)) × K × (12/CT), 

Where: 
ET, K, and 1440 are defined in section 5.2.1.1 

and EP1, EP2, T1, T2, and 12 are defined 
in section 5.2.1.2. 

CT = (CTL × CTM)/(F× (CTM¥CTL) + CTL) 

Where: 
CTL = least or shortest compressor run time 

between defrosts in hours rounded to the 
nearest tenth of an hour (greater than or 
equal to 6 hours but less than or equal to 
12 hours); 

CTM = maximum compressor run time be-
tween defrosts in hours rounded to the 
nearest tenth of an hour (greater than 
CTL but not more than 96 hours); 

F = ratio of per day energy consumption in 
excess of the least energy and the max-
imum difference in per-day energy con-
sumption and is equal to 0.20. 

For variable defrost models with no values 
for CTL and CTM in the algorithm, the de-
fault values of 12 and 84 shall be used, re-
spectively. 

5.3 Volume measurements. The total re-
frigerated volume, VT, shall be measured in 
accordance with HRF–1–1979, section 3.20 and 
section 5.1 through 5.3. 
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6. Calculation of Derived Results From Test 
Measurements. 

6.1 Adjusted Total Volume. The adjusted 
total volume, VA, for freezers under test 
shall be defined as: 

VA=VT× CF 

where 

VA=adjusted total volume in cubic feet, 
VT=total refrigerated volume in cubic feet, 

and 
CF=Correction factor of 1.73, dimensionless. 

6.2 Average Per Cycle Energy Consump-
tion: 

6.2.1 The average per-cycle energy con-
sumption for a cycle type is expressed in kil-
owatt-hours per cycle to the nearest one 
hundredth (0.01) kilowatt-hour and shall de-
pend upon the compartment temperature at-
tainable as shown below. 

6.2.1.1 If the compartment temperature is 
always below 0.0 °F. (¥17.8 °C.), the average 
per-cycle energy consumption shall be equiv-
alent to: 

E=ET1 

where 
E=Total per-cycle energy consumption in 

kilowatt-hours per day. 
ET is defined in 5.2.1, and 
Number 1 indicates the test period during 

which the highest compartment tempera-
ture is measured. 

6.2.1.2 If one of the compartment tempera-
tures measured for a test period is greater 
than 0.0 °F (17.8 °C), the average per-cycle en-
ergy consumption shall be equivalent to: 

E = ET1 + ((ET2 ¥ ET1) × (0.0 ¥ TF1)/(TF2 ¥ 

TF1)) 

Where: 

E is defined in 6.2.1.1; 
ET is defined in 5.2.1; 
TF = freezer compartment temperature de-

termined according to 5.1.3 in degrees F; 
The numbers 1 and 2 indicate measurements 

taken during the first and second test pe-
riod as appropriate; and 

0.0 = Standardized compartment temperature 
in degrees F. 

6.2.2 Variable Anti-Sweat Heater Models. 
The standard cycle energy consumption of 
an electric freezer with a variable anti-sweat 
heater control (Estd), expressed in kilowatt- 
hours per day, shall be calculated equivalent 
to: 

Estd = E + (Correction Factor) where E is de-
termined by 6.2.1.1, or 6.2.1.2, whichever 
is appropriate, with the anti-sweat heat-
er switch in the ‘‘off’’ position or, for a 
product without an anti-sweat heater 
switch, the anti-sweat heater in its low-
est energy use state. 

Correction Factor = (Anti-sweat Heater 
Power × System-loss Factor) × (24 hrs/1 
day) × (1 kW/1000 W) 

Where: 
Anti-sweat Heater Power = 0.034 * (Heater 

Watts at 5%RH) 
+ 0.211 * (Heater Watts at 15%RH) 
+ 0.204 * (Heater Watts at 25%RH) 
+ 0.166 * (Heater Watts at 35%RH) 
+ 0.126 * (Heater Watts at 45%RH) 
+ 0.119 * (Heater Watts at 55%RH) 
+ 0.069 * (Heater Watts at 65%RH) 
+ 0.047 * (Heater Watts at 75%RH) 
+ 0.008 * (Heater Watts at 85%RH) 
+ 0.015 * (Heater Watts at 95%RH) 
Heater Watts at a specific relative humidity 

= the nominal watts used by all heaters 
at that specific relative humidity, 72 °F 
(22.2 °C) ambient, and DOE reference 
freezer (FZ) average temperature of 0 °F 
(¥17.8 °C). 

System-loss Factor = 1.3. 

7. Test Procedure Waivers 

To the extent that the procedures con-
tained in this appendix do not provide a 
means for determining the energy consump-
tion of a freezer, a manufacturer must obtain 
a waiver under 10 CFR 430.27 to establish an 
acceptable test procedure for each such prod-
uct. Such instances could, for example, in-
clude situations where the test set-up for a 
particular freezer basic model is not clearly 
defined by the provisions of section 2. For de-
tails regarding the criteria and procedures 
for obtaining a waiver, please refer to 10 CFR 
430.27. 

[47 FR 34528, Aug. 10, 1982; 48 FR 13013, Mar. 
29, 1983, as amended at 54 FR 36241, Aug. 31, 
1989; 54 FR 38788, Sept. 20, 1989; 75 FR 78871, 
Dec. 16, 2010; 76 FR 12502, Mar. 7, 2011; 76 FR 
24782, May 2, 2011] 

APPENDIX C TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF DISHWASHERS 

NOTE: Prior to the compliance date for any 
amended energy conservation standards that 
incorporate standby mode and off mode en-
ergy consumption (May 30, 2013 unless the di-
rect final rule published on May 30, 2012 is 
withdrawn), manufacturers may use either 
Appendix C or Appendix C1 to certify compli-
ance with existing DOE energy conservation 
standards and to make any representations 
related to energy and/or water consumption 
of dishwashers, with the following exception. 
If the compliance date is after April 29, 2013, 
manufacturers that make representations re-
lated to standby mode and off mode energy 
consumption must use Appendix C1 for any 
representations made after April 29, 2013 of 
the energy and/or water consumption of 
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these products, consistent with the require-
ments of 42 U.S.C. 6293(c)(2). 

After the compliance date for any amended 
energy conservation standards that incor-
porate standby mode and off mode energy 
consumption (May 30, 2013 unless the direct 
final rule published on May 30, 2012 is with-
drawn), all dishwashers shall be tested using 
the provisions of Appendix C1 to certify com-
pliance with amended energy conservation 
standards and to make any representations 
related to energy and/or water consumption, 
with the following exception. If the compli-
ance date is before April 29, 2013, manufac-
turers may use Appendix C for any represen-
tations until April 29, 2013 of energy and/or 
water consumption of these products, con-
sistent with the requirements of 42 U.S.C. 
6293(c)(2). 

1. Definitions 

1.1 AHAM means the Association of Home 
Appliance Manufacturers. 

1.2 Compact dishwasher means a dishwasher 
that has a capacity of less than eight place 
settings plus six serving pieces as specified 
in ANSI/AHAM DW–1–1992 (incorporated by 
reference; see § 430.3), using the test load 
specified in section 2.7.1 of this appendix. 

1.3 Cycle means a sequence of operations of 
a dishwasher which performs a complete 
dishwashing function, and may include vari-
ations or combinations of washing, rinsing, 
and drying. 

1.4 Cycle type means any complete sequence 
of operations capable of being preset on the 
dishwasher prior to the initiation of machine 
operation. 

1.5 Non-soil-sensing dishwasher means a 
dishwasher that does not have the ability to 
adjust automatically any energy consuming 
aspect of a wash cycle based on the soil load 
of the dishes. 

1.6 Normal cycle means the cycle type rec-
ommended by the manufacturer for com-
pletely washing a full load of normally soiled 
dishes including the power-dry feature. 

1.7 Power-dry feature means the introduc-
tion of electrically generated heat into the 
washing chamber for the purpose of improv-
ing the drying performance of the dish-
washer. 

1.8 Preconditioning cycle means any cycle 
that includes a fill, circulation, and drain to 
ensure that the water lines and sump area of 
the pump are primed. 

1.9 Sensor heavy response means, for stand-
ard dishwashers, the set of operations in a 
soil-sensing dishwasher for completely wash-
ing a load of dishes, four place settings of 
which are soiled according to ANSI/AHAM 
DW–1–1992 (incorporated by reference; see 
§ 430.3) and as additionally specified in sec-
tion 2.7.2 of this appendix. For compact dish-
washers, this definition is the same, except 
that two soiled place settings are used in-
stead of four. 

1.10 Sensor light response means, for both 
standard and compact dishwashers, the set of 
operations in a soil-sensing dishwasher for 
completely washing a load of dishes, one 
place setting of which is soiled with half of 
the gram weight of soils for each item speci-
fied in a single place setting according to 
ANSI/AHAM DW–1–1992 (incorporated by ref-
erence; see § 430.3) and as additionally speci-
fied in section 2.7.2 of this appendix. 

1.11 Sensor medium response means, for 
standard dishwashers, the set of operations 
in a soil-sensing dishwasher for completely 
washing a load of dishes, two place settings 
of which are soiled according to ANSI/AHAM 
DW–1–1992 (incorporated by reference; see 
§ 430.3) and as additionally specified in sec-
tion 2.7.2 of this appendix. For compact dish-
washers, this definition is the same, except 
that one soiled place setting is used. 

1.12 Soil-sensing dishwasher means a dish-
washer that has the ability to adjust any en-
ergy consuming aspect of a wash cycle based 
on the soil load of the dishes. 

1.13 Standard dishwasher means a dish-
washer that has a capacity equal to or great-
er than eight place settings plus six serving 
pieces as specified in ANSI/AHAM DW–1–1992 
(incorporated by reference; see § 430.3), using 
the test load specified in section 2.7.1 of this 
appendix. 

1.14 Standby mode means the lowest power 
consumption mode which cannot be switched 
off or influenced by the user and that may 
persist for an indefinite time when the dish-
washer is connected to the main electricity 
supply and used in accordance with the man-
ufacturer’s instructions. 

1.15 Truncated normal cycle means the nor-
mal cycle interrupted to eliminate the 
power-dry feature after the termination of 
the last rinse operation. 

1.16 Truncated sensor heavy response means 
the sensor heavy response interrupted to 
eliminate the power-dry feature after the 
termination of the last rinse operation. 

1.17 Truncated sensor light response means 
the sensor light response interrupted to 
eliminate the power-dry feature after the 
termination of the last rinse operation. 

1.18 Truncated sensor medium response 
means the sensor medium response inter-
rupted to eliminate the power-dry feature 
after the termination of the last rinse oper-
ation. 

1.19 Water-heating dishwasher means a dish-
washer which, as recommended by the manu-
facturer, is designed for heating cold inlet 
water (nominal 50 °F) or designed for heating 
water with a nominal inlet temperature of 
120 °F. Any dishwasher designated as water- 
heating (50 °F or 120 °F inlet water) must 
provide internal water heating to above 120 
°F in at least one wash phase of the normal 
cycle. 
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2. Testing conditions: 

2.1 Installation Requirements. Install the 
dishwasher according to the manufacturer’s 
instructions. A standard or compact under- 
counter or under-sink dishwasher must be 
tested in a rectangular enclosure con-
structed of nominal 0.374 inch (9.5 mm) ply-
wood painted black. The enclosure must con-
sist of a top, a bottom, a back, and two sides. 
If the dishwasher includes a counter top as 
part of the appliance, omit the top of the en-
closure. Bring the enclosure into the closest 
contact with the appliance that the configu-
ration of the dishwasher will allow. 

2.2 Electrical energy supply. 
2.2.1 Dishwashers that operate with an elec-

trical supply of 115 volts. Maintain the elec-
trical supply to the dishwasher at 115 volts 
±2 percent and within 1 percent of the name-
plate frequency as specified by the manufac-
turer. 

2.2.2 Dishwashers that operate with an elec-
trical supply of 240 volts. Maintain the elec-
trical supply to the dishwasher at 240 volts 
±2 percent and within 1 percent of its name-
plate frequency as specified by the manufac-
turer. 

2.3 Water temperature. Measure the tem-
perature of the water supplied to the dish-
washer using a temperature measuring de-
vice as specified in section 3.1 of this appen-
dix. 

2.3.1 Dishwashers to be tested at a nominal 
140 °F inlet water temperature. Maintain the 
water supply temperature at 140° ±2 °F. 

2.3.2 Dishwashers to be tested at a nominal 
120 °F inlet water temperature. Maintain the 
water supply temperature at 120° ±2 °F. 

2.3.3 Dishwashers to be tested at a nominal 50 
°F inlet water temperature. Maintain the water 
supply temperature at 50° ±2 °F. 

2.4 Water pressure. Using a water pressure 
gauge as specified in section 3.4 of this ap-
pendix, maintain the pressure of the water 
supply at 35 ±2.5 pounds per square inch 
gauge (psig) when the water is flowing. 

2.5 Ambient and machine temperature. Using 
a temperature measuring device as specified 
in section 3.1 of this appendix, maintain the 
room ambient air temperature at 75° ±5 °F, 
and ensure that the dishwasher and the test 
load are at room ambient temperature at the 
start of each test cycle. 

2.6 Test Cycle and Load. 
2.6.1 Non-soil-sensing dishwashers to be tested 

at a nominal inlet temperature of 140 °F. These 
units must be tested on the normal cycle and 
truncated normal cycle without a test load if 
the dishwasher does not heat water in the 
normal cycle. 

2.6.2 Non-soil-sensing dishwashers to be tested 
at a nominal inlet temperature of 50 °F or 120 
°F. These units must be tested on the normal 
cycle with a clean load of eight place set-
tings plus six serving pieces, as specified in 
section 2.7.1 of this appendix. If the capacity 

of the dishwasher, as stated by the manufac-
turer, is less than eight place settings, then 
the test load must be the stated capacity. 

2.6.3 Soil-sensing dishwashers to be tested at a 
nominal inlet temperature of 50 °F, 120 °F, or 140 
°F. These units must be tested first for the 
sensor heavy response, then tested for the 
sensor medium response, and finally for the 
sensor light response with the following 
combinations of soiled and clean test loads. 

2.6.3.1 For tests of the sensor heavy re-
sponse, as defined in section 1.9 of this ap-
pendix: 

(A) For standard dishwashers, the test unit 
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in 
section 2.7.1 of this appendix. Four of the 
eight place settings must be soiled according 
to ANSI/AHAM DW–1–1992 (incorporated by 
reference, see § 430.3) and as additionally 
specified in section 2.7.2 of this appendix, 
while the remaining place settings, serving 
pieces, and all flatware are not soiled. 

(B) For compact dishwashers, the test unit 
is to be loaded with four place settings plus 
six serving pieces as specified in section 2.7.1 
of this appendix. Two of the four place set-
tings must be soiled according to ANSI/ 
AHAM DW–1–1992 and as additionally speci-
fied in section 2.7.2 of this appendix, while 
the remaining place settings, serving pieces, 
and all flatware are not soiled. 

2.6.3.2 For tests of the sensor medium re-
sponse, as defined in section 1.11 of this ap-
pendix: 

(A) For standard dishwashers, the test unit 
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in 
section 2.7.1 of this appendix. Two of the 
eight place settings must be soiled according 
to ANSI/AHAM DW–1–1992 (incorporated by 
reference, see § 430.3) and as additionally 
specified in section 2.7.2 of this appendix, 
while the remaining place settings, serving 
pieces, and all flatware are not soiled. 

(B) For compact dishwashers, the test unit 
is to be loaded with four place settings plus 
six serving pieces as specified in section 2.7.1 
of this appendix. One of the four place set-
tings must be soiled according to ANSI/ 
AHAM DW–1–1992 and as additionally speci-
fied in section 2.7.2 of this appendix, while 
the remaining place settings, serving pieces, 
and all flatware are not soiled. 

2.6.3.3 For tests of the sensor light re-
sponse, as defined in section 1.10 of this ap-
pendix: 

(A) For standard dishwashers, the test unit 
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in 
section 2.7.1 of this appendix. One of the 
eight place settings must be soiled with half 
of the soil load specified for a single place 
setting according to ANSI/AHAM DW–1–1992 
(incorporated by reference, see § 430.3) and as 
additionally specified in section 2.7.2 of this 
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appendix, while the remaining place set-
tings, serving pieces, and all flatware are not 
soiled. 

(B) For compact dishwashers, the test unit 
is to be loaded with four place settings plus 
six serving pieces as specified in section 2.7.1 
of this appendix. One of the four place set-
tings must be soiled with half of the soil load 

specified for a single place setting according 
to ANSI/AHAM DW–1–1992 and as addition-
ally specified in section 2.7.2 of this appen-
dix, while the remaining place settings, serv-
ing pieces, and all flatware are not soiled. 

2.7 Test load. 
2.7.1 Test load items. 

Dishware/glassware/ 
flatware item Primary source Description Primary 

No. Alternate source Alternate source 
No. 

Dinner Plate ................. Corning Comcor®/ 
Corelle®.

10 inch Dinner Plate ..... 6003893 ... .

Bread and Butter Plate Corning Comcor®/ 
Corelle®.

6.75 inch Bread & Butter 6003887 ... Arzberg ................. 8500217100 or 
2000–00001– 
0217–1 

Fruit Bowl ..................... Corning Comcor®/ 
Corelle®.

10 oz. Dessert Bowl ...... 6003899 ... Arzberg ................. 3820513100 

Cup .............................. Corning Comcor®/ 
Corelle®.

8 oz. Ceramic Cup ........ 6014162 ... Arzberg ................. 1382–00001–4732 

Saucer .......................... Corning Comcor®/ 
Corelle®.

6 inch Saucer ................ 6010972 ... Arzberg ................. 1382–00001–4731 

Serving Bowl ................ Corning Comcor®/ 
Corelle®.

1 qt. Serving Bowl ......... 6003911 ... .

Platter .......................... Corning Comcor®/ 
Corelle®.

9.5 inch Oval Platter ..... 6011655 ... .

Glass—Iced Tea .......... Libbey ................... ........................................ 551 HT ..... .
Flatware—Knife ........... Oneida®—Accent ........................................ 2619KPVF WMF—Gastro 

0800.
12.0803.6047 

Flatware—Dinner Fork Oneida®—Accent ........................................ 2619FRSF WMF—Signum 
1900.

12.1905.6040 

Flatware—Salad Fork .. Oneida®—Accent ........................................ 2619FSLF WMF—Signum 
1900.

12.1964.6040 

Flatware—Teaspoon .... Oneida®—Accent ........................................ 2619STSF WMF—Signum 
1900.

12.1910.6040 

Flatware—Serving Fork Oneida®—Flight ... ........................................ 2865FCM WMF—Signum 
1900.

12.1902.6040 

Flatware—Serving 
Spoon.

Oneida®—Accent ........................................ 2619STBF WMF—Signum 
1900.

12.1904.6040 

2.7.2 Soils. The soils shall be as specified in 
ANSI/AHAM DW–1–1992 (incorporated by ref-
erence, see § 430.3), except for the following 
substitutions. 

2.7.2.1 Margarine. The margarine shall be 
Fleischmann’s Original stick margarine. 

2.7.2.2 Coffee. The coffee shall be Folgers 
Classic Decaf. 

2.8 Detergent. Use half the quantity of de-
tergent specified according to ANSI/AHAM 
DW–1–1992 (incorporated by reference, see 
§ 430.3), using Cascade with the Grease Fight-
ing Power of Dawn powder as the detergent 
formulation. 

2.9 Testing requirements. Provisions in this 
appendix pertaining to dishwashers that op-
erate with a nominal inlet temperature of 50 
°F or 120 °F apply only to water-heating dish-
washers as defined in section 1.19 of this ap-
pendix. 

2.10 Preconditioning requirements. Pre-
condition the dishwasher by establishing the 
testing conditions set forth in sections 2.1 
through 2.5 of this appendix. Set the dish-
washer to the preconditioning cycle as de-
fined in section 1.8 of this appendix, without 
using a test load, and initiate the cycle. 

3. Instrumentation 

Test instruments must be calibrated annu-
ally. 

3.1 Temperature measuring device. The device 
must have an error no greater than ±1 °F 
over the range being measured. 

3.2 Timer. Time measurements for each 
monitoring period shall be accurate to with-
in 2 seconds. 

3.3 Water meter. The water meter must have 
a resolution of no larger than 0.1 gallons and 
a maximum error no greater than ±1.5 per-
cent of the measured flow rate for all water 
temperatures encountered in the test cycle. 

3.4 Water pressure gauge. The water pres-
sure gauge must have a resolution of one 
pound per square inch (psi) and must have an 
error no greater than 5 percent of any meas-
ured value over the range of 35 ±2.5 psig. 

3.5 Watt-hour meter. The watt-hour meter 
must have a resolution of 1 watt-hour or less 
and a maximum error of no more than 1 per-
cent of the measured value for any demand 
greater than 50 watts. 

3.6 Standby wattmeter. The standby 
wattmeter must have a resolution of 0.1 watt 
or less, a maximum error of no more than 1 
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percent of the measured value, and must be 
capable of operating within the stated toler-
ances for input voltages up to 5 percent total 
harmonic distortion. The standby wattmeter 
must be capable of operating at frequencies 
from 47 hertz through 63 hertz. Power meas-
urements must have a crest factor of 3 or 
more at currents of 2 amps RMS or less. 

3.7 Standby watt-hour meter. The standby 
watt-hour meter must meet all the require-
ments of the standby wattmeter and must 
accumulate watt-hours at a minimum power 
level of 20 milliwatts. 

4. Test Cycle and Measurements 

4.1 Test cycle. Perform a test cycle by es-
tablishing the testing conditions set forth in 
section 2 of this appendix, setting the dish-
washer to the cycle type to be tested, initi-
ating the cycle, and allowing the cycle to 
proceed to completion. 

4.2 Machine electrical energy consumption. 
Measure the machine electrical energy con-
sumption, M, expressed as the number of kil-
owatt-hours of electricity consumed by the 
machine during the entire test cycle, using a 
water supply temperature as set forth in sec-
tion 2.3 of this appendix and using a watt- 
hour meter as specified in section 3.5 of this 
appendix. 

4.3 Water consumption. Measure the water 
consumption, V, expressed as the number of 
gallons of water delivered to the machine 
during the entire test cycle, using a water 
meter as specified in section 3.3 of this ap-
pendix. 

4.4 Standby power. Connect the dishwasher 
to a standby wattmeter or a standby watt- 
hour meter as specified in sections 3.6 and 
3.7, respectively, of this appendix. Select the 
conditions necessary to achieve operation in 
the standby mode as defined in section 1.14 of 
this appendix. Monitor the power consump-
tion but allow the dishwasher to stabilize for 
at least 5 minutes. Then monitor the power 
consumption for at least an additional 5 min-
utes. If the power level does not change by 
more than 5 percent from the maximum ob-
served value during the later 5 minutes and 
there is no cyclic or pulsing behavior of the 
load, the load can be considered stable. For 
stable operation, standby power, Sm, can be 
recorded directly from the standby watt 
meter in watts or accumulated using the 
standby watt-hour meter over a period of at 
least 5 minutes. For unstable operation, the 
energy must be accumulated using the 
standby watt-hour meter over a period of at 
least 5 minutes and must capture the energy 
use over one or more complete cycles. Cal-
culate the average standby power, Sm, ex-
pressed in watts by dividing the accumulated 
energy consumption by the duration of the 
measurement period. 

5. Calculation of Derived Results From Test 
Measurements 

5.1 Machine energy consumption. 
5.1.1 Machine energy consumption for non- 

soil-sensing electric dishwashers. Take the 
value recorded in section 4.2 of this appendix 
as the per-cycle machine electrical energy 
consumption. Express the value, M, in kilo-
watt-hours per cycle. 

5.1.2 Machine energy consumption for soil- 
sensing electric dishwashers. The machine en-
ergy consumption for the sensor normal 
cycle, M, is defined as: 
M = (Mhr×Fhr) + (Mmr×Fmr) + (Mlr×Flr) 
where, 
Mhr = the value recorded in section 4.2 of this 

appendix for the test of the sensor heavy 
response, expressed in kilowatt-hours per 
cycle, 

Mmr = the value recorded in section 4.2 of this 
appendix for the test of the sensor me-
dium response, expressed in kilowatt- 
hours per cycle, 

Mlr = the value recorded in section 4.2 of this 
appendix for the test of the sensor light 
response, expressed in kilowatt-hours per 
cycle, 

Fhr = the weighting factor based on consumer 
use of heavy response = 0.05, 

Fmr = the weighting factor based on con-
sumer use of medium response = 0.33, 

Flr = the weighting factor based on consumer 
use of light response = 0.62. 

5.2 Drying energy. 
5.2.1 Drying energy consumption for non-soil- 

sensing electric dishwashers. Calculate the 
amount of energy consumed using the power- 
dry feature after the termination of the last 
rinse option of the normal cycle. Express the 
value, ED, in kilowatt-hours per cycle. 

5.2.2 Drying energy consumption for soil-sens-
ing electric dishwashers. The drying energy 
consumption, ED, for the sensor normal cycle 
is defined as: 

ED = (EDhr + EDmr + EDlr)/3 

Where, 

EDhr = energy consumed using the power-dry 
feature after the termination of the last 
rinse option of the sensor heavy re-
sponse, expressed in kilowatt-hours per 
cycle, 

EDmr = energy consumed using the power-dry 
feature after the termination of the last 
rinse option of the sensor medium re-
sponse, expressed in kilowatt-hours per 
cycle, 

EDlr = energy consumed using the power-dry 
feature after the termination of the last 
rinse option of the sensor light response, 
expressed in kilowatt-hours per cycle. 

5.3 Water consumption. 
5.3.1 Water consumption for non-soil-sensing 

dishwashers using electrically heated, gas-heat-
ed, or oil-heated water. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00329 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



320 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. C 

Take the value recorded in section 4.3 of 
this appendix as the per-cycle water energy 
consumption. Express the value, V, in gal-
lons per cycle. 

5.3.2 Water consumption for soil-sensing dish-
washers using electrically heated, gas-heated, or 
oil-heated water. 

The water consumption for the sensor nor-
mal cycle, V, is defined as: 
V = (Vhr×Fhr) + (Vmr×Fmr) + (Vlr×Flr) 
Where, 
Vhr = the value recorded in section 4.3 of this 

appendix for the test of the sensor heavy 
response, expressed in gallons per cycle, 

Vmr = the value recorded in section 4.3 of this 
appendix for the test of the sensor me-
dium response, expressed in gallons per 
cycle, 

Vlr = the value recorded in section 4.3 of this 
appendix for the test of the sensor light 
response, expressed in gallons per cycle, 

Fhr = the weighting factor based on consumer 
use of heavy response = 0.05, 

Fmr = the weighting factor based on con-
sumer use of medium response = 0.33, 

Flr = the weighting factor based on consumer 
use of light response = 0.62. 

5.4 Water energy consumption for non-soil- 
sensing or soil-sensing dishwashers using elec-
trically heated water. 

5.4.1 Dishwashers that operate with a nominal 
140 °F inlet water temperature, only. Calculate 
the water energy consumption, W, expressed 
in kilowatt-hours per cycle and defined as: 
W = V × T × K 
where, 
V = water consumption in gallons per cycle, 

as determined in section 5.3.1 of this ap-
pendix for non-soil-sensing dishwashers 
and section 5.3.2 of this appendix for soil- 
sensing dishwashers, 

T = nominal water heater temperature rise = 
90 °F, and 

K = specific heat of water in kilowatt-hours 
per gallon per degree Fahrenheit = 0.0024. 

5.4.2 Dishwashers that operate with a nominal 
inlet water temperature of 120 °F. Calculate the 
water energy consumption, W, expressed in 
kilowatt-hours per cycle and defined as: 
W = V × T × K 
where, 
V = water consumption in gallons per cycle, 

as determined in section 5.3.1 of this ap-
pendix for non-soil-sensing dishwashers 
and section 5.3.2 of this appendix for soil- 
sensing dishwashers, 

T = nominal water heater temperature rise = 
70 °F, and 

K = specific heat of water in kilowatt-hours 
per gallon per degree Fahrenheit = 0.0024, 

5.5 Water energy consumption per cycle using 
gas-heated or oil-heated water. 

5.5.1 Dishwashers that operate with a nominal 
140 °F inlet water temperature, only. Calculate 

the water energy consumption using gas- 
heated or oil-heated water, Wg, expressed in 
Btu’s per cycle and defined as: 

Wg = V × T × C/e 

where, 

V = water consumption in gallons per cycle, 
as determined in section 5.3.1 of this ap-
pendix for non-soil-sensing dishwashers 
and section 5.3.2 of this appendix for soil- 
sensing dishwashers, 

T = nominal water heater temperature rise = 
90 °F, 

C = specific heat of water in Btu’s per gallon 
per degree Fahrenheit = 8.2, and 

e = nominal gas or oil water heater recovery 
efficiency = 0.75, 

5.5.2 Dishwashers that operate with a nominal 
inlet water temperature of 120 °F. Calculate the 
water energy consumption using gas-heated 
or oil-heated water, Wg, expressed in Btu’s 
per cycle and defined as: 

Wg = V × T × C/e 

where, 

V = water consumption in gallons per cycle, 
as determined in section 5.3.1 of this ap-
pendix for non-soil-sensing dishwashers 
and section 5.3.2 of this appendix for soil- 
sensing dishwashers, 

T = nominal water heater temperature rise = 
70 °F, 

C = specific heat of water in Btu’s per gallon 
per degree Fahrenheit = 8.2, and 

e = nominal gas or oil water heater recovery 
efficiency = 0.75. 

5.6 Annual standby energy consumption. Cal-
culate the estimated annual standby energy 
consumption. First determine the number of 
standby hours per year, Hs, defined as: 

Hs = H¥(N×L). 

Where, 

H = the total number of hours per year = 8766 
hours per year, 

N = the representative average dishwasher 
use of 215 cycles per year, 

L = the average of the duration of the nor-
mal cycle and truncated normal cycle, 
for non-soil-sensing dishwashers with a 
truncated normal cycle; the duration of 
the normal cycle, for non-soil-sensing 
dishwashers without a truncated normal 
cycle; the average duration of the sensor 
light response, truncated sensor light re-
sponse, sensor medium response, trun-
cated sensor medium response, sensor 
heavy response, and truncated sensor 
heavy response, for soil-sensing dish-
washers with a truncated cycle option; 
the average duration of the sensor light 
response, sensor medium response, and 
sensor heavy response, for soil-sensing 
dishwashers without a truncated cycle 
option. 
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Then calculate the estimated annual 
standby power use, S, expressed in kilowatt- 
hours per year and defined as: 
S = Sm×((Hs)/1000) 
Where, 
Sm = the average standby power in watts as 

determined in section 4.4 of this appen-
dix. 

[68 FR 51900, Aug. 29, 2003, as amended at 77 
FR 65980, Oct. 31, 2012] 

APPENDIX C1 TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF DISHWASHERS 

NOTE: Prior to the compliance date for any 
amended energy conservation standards that 
incorporate standby mode and off mode en-
ergy consumption (May 30, 2013 unless the di-
rect final rule published on May 30, 2012 is 
withdrawn), manufacturers may use either 
Appendix C or Appendix C1 to certify compli-
ance with existing DOE energy conservation 
standards and to make any representations 
related to energy and/or water consumption 
of dishwashers, with the following exception. 
If the compliance date is after April 29, 2013, 
manufacturers that make representations re-
lated to standby mode and off mode energy 
consumption must use Appendix C1 for any 
representations made after April 29, 2013 of 
the energy and/or water consumption of 
these products, consistent with the require-
ments of 42 U.S.C. 6293(c)(2). 

After the compliance date for any amended 
energy conservation standards that incor-
porate standby mode and off mode energy 
consumption (May 30, 2013 unless the direct 
final rule published on May 30, 2012 is with-
drawn), all dishwashers shall be tested using 
the provisions of Appendix C1 to certify com-
pliance with amended energy conservation 
standards and to make any representations 
related to energy and/or water consumption, 
with the following exception. If the compli-
ance date is before April 29, 2013, manufac-
turers may use Appendix C for any represen-
tations until April 29, 2013 of energy and/or 
water consumption of these products, con-
sistent with the requirements of 42 U.S.C. 
6293(c)(2). 

1. DEFINITIONS 

1.1 Active mode means a mode in which the 
dishwasher is connected to a mains power 
source, has been activated, and is performing 
one of the main functions of washing, rins-
ing, or drying (when a drying process is in-
cluded) dishware, glassware, eating utensils, 
and most cooking utensils by chemical, me-
chanical, and/or electrical means, or is in-
volved in functions necessary for these main 
functions, such as admitting water into the 
dishwasher, pumping water out of the dish-

washer, circulating air, or regenerating an 
internal water softener. 

1.2 AHAM means the Association of Home 
Appliance Manufacturers. 

1.3 Combined low-power mode means the ag-
gregate of available modes other than active 
mode. 

1.4 Compact dishwasher means a dishwasher 
that has a capacity of less than eight place 
settings plus six serving pieces as specified 
in ANSI/AHAM DW–1–2010 (incorporated by 
reference; see § 430.3), using the test load 
specified in section 2.7 of this appendix. 

1.5 Cycle means a sequence of operations of 
a dishwasher which performs a complete 
dishwashing function, and may include vari-
ations or combinations of washing, rinsing, 
and drying. 

1.6 Cycle finished mode means a standby 
mode which provides continuous status dis-
play following operation in active mode. 

1.7 Cycle type means any complete sequence 
of operations capable of being preset on the 
dishwasher prior to the initiation of machine 
operation. 

1.8 Fan-only mode means an active mode 
that is not user-selectable, and in which a 
fan circulates air for a finite period of time 
after the end of the cycle, where the end of 
the cycle is indicated to the consumer by 
means of a display, indicator light, or audi-
ble signal. 

1.9 IEC 62301 means the standard published 
by the International Electrotechnical Com-
mission, titled ‘‘Household electrical appli-
ances-Measurement of standby power,’’ Pub-
lication 62301 (Edition 2.0, 2011–01) (incor-
porated by reference; see § 430.3). 

1.10 Inactive mode means a standby mode 
that facilitates the activation of active mode 
by remote switch (including remote control), 
internal sensor, or timer, or that provides 
continuous status display. 

1.11 Non-soil-sensing dishwasher means a 
dishwasher that does not have the ability to 
adjust automatically any energy consuming 
aspect of the normal cycle based on the soil 
load of the dishes. 

1.12 Normal cycle means the cycle type, in-
cluding washing and drying temperature op-
tions, recommended in the manufacturer’s 
instructions for daily, regular, or typical use 
to completely wash a full load of normally 
soiled dishes including the power-dry fea-
ture. If no cycle or more than one cycle is 
recommended in the manufacturer’s instruc-
tions for daily, regular, or typical use to 
completely wash a full load of normally 
soiled dishes, the most energy intensive of 
these cycles shall be considered the normal 
cycle. In the absence of a manufacturer rec-
ommendation on washing and drying tem-
perature options, the highest energy con-
sumption options must be selected. 

1.13 Off mode means a mode in which the 
dishwasher is connected to a mains power 
source and is not providing any active mode 
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or standby mode function, and where the 
mode may persist for an indefinite time. An 
indicator that only shows the user that the 
product is in the off position is included 
within the classification of an off mode. 

1.14 Power-dry feature means the introduc-
tion of electrically-generated heat into the 
washing chamber for the purpose of improv-
ing the drying performance of the dish-
washer. 

1.15 Preconditioning cycle means a normal 
cycle run with no test load to ensure that 
the water lines and sump area of the pump 
are primed. 

1.16 Sensor heavy response means, for stand-
ard dishwashers, the set of operations in a 
soil-sensing dishwasher for completely wash-
ing a load of dishes, four place settings of 
which are soiled according to ANSI/AHAM 
DW–1–2010 (incorporated by reference; see 
§ 430.3) and as additionally specified in sec-
tion 2.7 of this appendix. For compact dish-
washers, this definition is the same, except 
that two soiled place settings are used in-
stead of four. 

1.17 Sensor light response means, for both 
standard and compact dishwashers, the set of 
operations in a soil-sensing dishwasher for 
completely washing a load of dishes, one 
place setting of which is soiled with half of 
the gram weight of soils for each item speci-
fied in a single place setting according to 
ANSI/AHAM DW–1–2010 (incorporated by ref-
erence; see § 430.3) and as additionally speci-
fied in section 2.7 of this appendix. 

1.18 Sensor medium response means, for 
standard dishwashers, the set of operations 
in a soil-sensing dishwasher for completely 
washing a load of dishes, two place settings 
of which are soiled according to ANSI/AHAM 
DW–1–2010 (incorporated by reference; see 
§ 430.3) and as additionally specified in sec-
tion 2.7 of this appendix. For compact dish-
washers, this definition is the same, except 
that one soiled place setting is used instead 
of two. 

1.19 Soil-sensing dishwasher means a dish-
washer that has the ability to adjust any en-
ergy-consuming aspect of the normal cycle 
based on the soil load of the dishes. 

1.20 Standard dishwasher means a dish-
washer that has a capacity equal to or great-
er than eight place settings plus six serving 
pieces as specified in ANSI/AHAM DW–1–2010 
(incorporated by reference; see § 430.3), using 
the test load specified in section 2.7 of this 
appendix. 

1.21 Standby mode means a mode in which 
the dishwasher is connected to a mains 
power source and offers one or more of the 
following user-oriented or protective func-
tions which may persist for an indefinite 
time: (a) To facilitate the activation of other 
modes (including activation or deactivation 
of active mode) by remote switch (including 
remote control), internal sensor, or timer; 
(b) continuous functions, including informa-

tion or status displays (including clocks) or 
sensor-based functions. A timer is a contin-
uous clock function (which may or may not 
be associated with a display) that provides 
regular scheduled tasks (e.g., switching) and 
that operates on a continuous basis. 

1.22 Truncated normal cycle means the nor-
mal cycle interrupted to eliminate the 
power-dry feature after the termination of 
the last rinse operation. 

1.23 Truncated sensor heavy response means 
the sensor heavy response interrupted to 
eliminate the power-dry feature after the 
termination of the last rinse operation. 

1.24 Truncated sensor light response means 
the sensor light response interrupted to 
eliminate the power-dry feature after the 
termination of the last rinse operation. 

1.25 Truncated sensor medium response 
means the sensor medium response inter-
rupted to eliminate the power-dry feature 
after the termination of the last rinse oper-
ation. 

1.26 Water-heating dishwasher means a dish-
washer which, as recommended by the manu-
facturer, is designed for heating cold inlet 
water (nominal 50 °F) or designed for heating 
water with a nominal inlet temperature of 
120 °F. Any dishwasher designated as water- 
heating (50 °F or 120 °F inlet water) must 
provide internal water heating to above 120 
°F in a least one wash phase of the normal 
cycle. 

1.27 Water-softening dishwasher means a 
dishwasher which incorporates a water soft-
ening system that periodically consumes ad-
ditional water and energy during the cycle 
to regenerate. 

2. TESTING CONDITIONS 

2.1 Installation requirements. Install the 
dishwasher according to the manufacturer’s 
instructions, including drain height. If the 
manufacture does not provide instructions 
for a specific drain height, the drain height 
shall be 20 inches. The racks shall be posi-
tioned according to the manufacturer rec-
ommendation for washing a full load of nor-
mally soiled dishes, or in the absence of a 
recommendation, the racks shall be main-
tained in the as-shipped position. The rinse 
aid container shall remain empty. A stand-
ard or compact under-counter or under-sink 
dishwasher must be tested in a rectangular 
enclosure constructed of nominal 0.374 inch 
(9.5 mm) plywood painted black. The enclo-
sure must consist of a top, a bottom, a back, 
and two sides. If the dishwasher includes a 
counter top as part of the appliance, omit 
the top of the enclosure. Bring the enclosure 
into the closest contact with the appliance 
that the configuration of the dishwasher will 
allow. For standby mode and off mode test-
ing, these products shall also be installed in 
accordance with Section 5, Paragraph 5.2 of 
IEC 62301 (incorporated by reference; see 
§ 430.3), disregarding the provisions regarding 
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batteries and the determination, classifica-
tion, and testing of relevant modes. 

2.2 Electrical energy supply. 
2.2.1 Dishwashers that operate with an elec-

trical supply of 115 volts. Maintain the elec-
trical supply to the dishwasher at 115 volts 
±2 percent and within 1 percent of the name-
plate frequency as specified by the manufac-
turer. Maintain a continuous electrical sup-
ply to the unit throughout testing, including 
the preconditioning cycles, specified in sec-
tion 2.9 of this appendix, and in between all 
test cycles. 

2.2.2 Dishwashers that operate with an elec-
trical supply of 240 volts. Maintain the elec-
trical supply to the dishwasher at 240 volts 
±2 percent and within 1 percent of the name-
plate frequency as specified by the manufac-
turer. Maintain a continuous electrical sup-
ply to the unit throughout testing, including 
the preconditioning cycles, specified in sec-
tion 2.9 of this appendix, and in between all 
test cycles. 

2.2.3 Supply voltage waveform. For the 
standby mode and off mode testing, maintain 
the electrical supply voltage waveform indi-
cated in Section 4, Paragraph 4.3.2 of IEC 
62301 (incorporated by reference; see § 430.3). 

2.3 Water temperature. Measure the tem-
perature of the water supplied to the dish-
washer using a temperature measuring de-
vice as specified in section 3.1 of this appen-
dix. 

2.3.1 Dishwashers to be tested at a nominal 
140 °F inlet water temperature. Maintain the 
water supply temperature at 140° ±2 °F. 

2.3.2 Dishwashers to be tested at a nominal 
120 °F inlet water temperature. Maintain the 
water supply temperature at 120° ±2 °F. 

2.3.3 Dishwashers to be tested at a nominal 50 
°F inlet water temperature. Maintain the water 
supply temperature at 50° ±2 °F. 

2.4 Water pressure. Using a water pressure 
gauge as specified in section 3.4 of this ap-
pendix, maintain the pressure of the water 
supply at 35 ±2.5 pounds per square inch 
gauge (psig) when the water is flowing. The 
pressure shall be achieved within 2 seconds 
of opening the water supply valve. 

2.5 Ambient temperature. 
2.5.1 Active mode ambient and machine tem-

perature. Using a temperature measuring de-
vice as specified in section 3.1 of this appen-
dix, maintain the room ambient air tempera-
ture at 75° ±5 °F and ensure that the dish-
washer and the test load are at room ambi-
ent temperature at the start of each test 
cycle. 

2.5.2 Standby mode and off mode ambient tem-
perature. For standby mode and off mode 
testing, maintain room ambient air tempera-
ture conditions as specified in Section 4, 
Paragraph 4.2 of IEC 62301 (incorporated by 
reference; see § 430.3). 

2.6 Test cycle and load. 
2.6.1 Non-soil-sensing dishwashers to be tested 

at a nominal inlet temperature of 140 °F. All 

non-soil-sensing dishwashers to be tested ac-
cording to section 4.1 of this appendix at a 
nominal inlet temperature of 140 °F must be 
tested on the normal cycle and truncated 
normal cycle without a test load if the dish-
washer does not heat water in the normal 
cycle. 

2.6.2 Non-soil-sensing dishwashers to be tested 
at a nominal inlet temperature of 50 °F or 120 
°F. All non-soil-sensing dishwashers to be 
tested according to section 4.1 of this appen-
dix at a nominal inlet temperature of 50 °F 
or 120 °F must be tested on the normal cycle 
with a clean load of eight place settings plus 
six serving pieces, as specified in section 2.7 
of this appendix. If the capacity of the dish-
washer, as stated by the manufacturer, is 
less than eight place settings, then the test 
load must be the stated capacity. 

2.6.3 Soil-sensing dishwashers to be tested at a 
nominal inlet temperature of 50 °F, 120 °F, or 140 
°F. All soil-sensing dishwashers shall be test-
ed according to section 4.1 of this appendix 
on the normal cycle. The dishwasher shall be 
tested first for the sensor heavy response, 
then tested for the sensor medium response, 
and finally for the sensor light response with 
the following combinations of soiled and 
clean test loads. 

2.6.3.1 For tests of the sensor heavy re-
sponse, as defined in section 1.16 of this ap-
pendix: 

(A) For standard dishwashers, the test unit 
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in 
section 2.7 of this appendix. Four of the eight 
place settings, except for the flatware, must 
be soiled according to sections 5.3 through 
5.7 of ANSI/AHAM DW–1–2010 (incorporated 
by reference, see § 430.3) and as additionally 
specified in sections 2.7.4 and 2.7.5 of this ap-
pendix, while the remaining place settings, 
serving pieces, and all flatware are not 
soiled. The test load is to be loaded in the 
dishwasher according to section 5.8 of ANSI/ 
AHAM DW–1–2010. 

(B) For compact dishwashers, the test unit 
is to be loaded with four place settings plus 
six serving pieces as specified in section 2.7 
of this appendix. Two of the four place set-
tings, except for the flatware, must be soiled 
according to sections 5.3 through 5.7 of ANSI/ 
AHAM DW–1–2010 and as additionally speci-
fied in sections 2.7.4 and 2.7.5 of this appen-
dix, while the remaining place settings, serv-
ing pieces, and all flatware are not soiled. 
The test load is to be loaded in the dish-
washer according to section 5.8 of ANSI/ 
AHAM DW–1–2010. 

2.6.3.2 For tests of the sensor medium re-
sponse, as defined in section 1.18 of this ap-
pendix: 

(A) For standard dishwashers, the test unit 
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in 
section 2.7 of this appendix. Two of the eight 
place settings, except for the flatware, must 
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be soiled according to sections 5.3 through 
5.7 of ANSI/AHAM DW–1–2010 (incorporated 
by reference, see § 430.3) and as additionally 
specified in sections 2.7.4 and 2.7.5 of this ap-
pendix, while the remaining place settings, 
serving pieces, and all flatware are not 
soiled. The test load is to be loaded in the 
dishwasher according to section 5.8 of ANSI/ 
AHAM DW–1–2010. 

(B) For compact dishwashers, the test unit 
is to be loaded with four place settings plus 
six serving pieces as specified in section 2.7 
of this appendix. One of the four place set-
tings, except for the flatware, must be soiled 
according to sections 5.3 through 5.7 of ANSI/ 
AHAM DW–1–2010 and as additionally speci-
fied in sections 2.7.4 and 2.7.5 of this appen-
dix, while the remaining place settings, serv-
ing pieces, and all flatware are not soiled. 
The test load is to be loaded in the dish-
washer according to section 5.8 of ANSI/ 
AHAM DW–1–2010. 

2.6.3.3 For tests of the sensor light re-
sponse, as defined in section 1.17 of this ap-
pendix: 

(A) For standard dishwashers, the test unit 
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in 

section 2.7 of this appendix. One of the eight 
place settings, except for the flatware, must 
be soiled with half of the soil load specified 
for a single place setting according to sec-
tions 5.3 through 5.7 of ANSI/AHAM DW–1– 
2010 (incorporated by reference, see § 430.3) 
and as additionally specified in sections 2.7.4 
and 2.7.5 of this appendix, while the remain-
ing place settings, serving pieces, and all 
flatware are not soiled. The test load is to be 
loaded in the dishwasher according to sec-
tion 5.8 of ANSI/AHAM DW–1–2010. 

(B) For compact dishwashers, the test unit 
is to be loaded with four place settings plus 
six serving pieces as specified in section 2.7 
of this appendix. One of the four place set-
tings, except for the flatware, must be soiled 
with half of the soil load specified for a sin-
gle place setting according to sections 5.3 
through 5.7 of ANSI/AHAM DW–1–2010 and as 
additionally specified in sections 2.7.4 and 
2.7.5 of this appendix, while the remaining 
place settings, serving pieces, and all flat-
ware are not soiled. The test load is to be 
loaded in the dishwasher according to sec-
tion 5.8 of ANSI/AHAM DW–1–2010. 

2.7 Test load. 
2.7.1 Test load items. 

Dishware/glassware/ 
flatware item Primary source Description Primary 

No. Alternate source Alternate source 
No. 

Dinner Plate ................. Corning Comcor®/ 
Corelle®.

10 inch Dinner Plate ..... 6003893 ... .

Bread and Butter Plate Corning Comcor®/ 
Corelle®.

6.75 inch Bread & Butter 6003887 ... Arzberg ................. 8500217100 or 
2000–00001– 
0217–1 

Fruit Bowl ..................... Corning Comcor®/ 
Corelle®.

10 oz. Dessert Bowl ...... 6003899 ... Arzberg ................. 3820513100 

Cup .............................. Corning Comcor®/ 
Corelle®.

8 oz. Ceramic Cup ........ 6014162 ... Arzberg ................. 1382–00001–4732 

Saucer .......................... Corning Comcor®/ 
Corelle®.

6 inch Saucer ................ 6010972 ... Arzberg ................. 1382–00001–4731 

Serving Bowl ................ Corning Comcor®/ 
Corelle®.

1 qt. Serving Bowl ......... 6003911 ... .

Platter .......................... Corning Comcor®/ 
Corelle®.

9.5 inch Oval Platter ..... 6011655 ... .

Glass—Iced Tea .......... Libbey ................... ........................................ 551 HT ..... .
Flatware—Knife ........... Oneida®—Accent ........................................ 2619KPVF WMF—Gastro 

0800.
12.0803.6047 

Flatware—Dinner Fork Oneida®—Accent ........................................ 2619FRSF WMF—Signum 
1900.

12.1905.6040 

Flatware—Salad Fork .. Oneida®—Accent ........................................ 2619FSLF WMF—Signum 
1900.

12.1964.6040 

Flatware—Teaspoon .... Oneida®—Accent ........................................ 2619STSF WMF—Signum 
1900.

12.1910.6040 

Flatware—Serving Fork Oneida®—Flight ... ........................................ 2865FCM WMF—Signum 
1900.

12.1902.6040 

Flatware—Serving 
Spoon.

Oneida®—Accent ........................................ 2619STBF WMF—Signum 
1900.

12.1904.6040 

2.7.2 Place setting. A place setting shall con-
sist of one cup, one saucer, one dinner plate, 
one bread and butter plate, one fruit bowl, 
one iced tea glass, one dinner fork, one salad 
fork, one knife, and two teaspoons. 

2.7.3 Serving pieces. Serving pieces shall 
consist of two serving bowls, one platter, one 
serving fork, and two serving spoons. 

2.7.4 Soils. The soils shall be as specified in 
section 5.4 of ANSI/AHAM DW–1–2010 (incor-
porated by reference, see § 430.3), except for 
the following substitutions. 
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2.7.4.1 Margarine. The margarine shall be 
Fleischmann’s Original stick margarine. 

2.7.4.2 Coffee. The coffee shall be Folgers 
Classic Decaf. 

2.7.5 Soil Preparation. Soils shall be pre-
pared according to section 5.5 of ANSI/AHAM 
DW–1–2010 (incorporated by reference, see 
§ 430.3), with the following additional speci-
fications. 

2.7.5.1 Milk. The nonfat dry milk shall be 
reconstituted before mixing with the oat-
meal and potatoes. It shall be reconstituted 
with water by mixing 2⁄3 cup of nonfat dry 
milk with 2 cups of water until well mixed. 
The reconstituted milk may be stored for use 
over the course of 1 day. 

2.7.5.2 Instant mashed potatoes. The potato 
mixture shall be applied within 30 minutes of 
preparation. 

2.7.5.3 Ground beef. The 1-pound packages of 
ground beef shall be stored frozen for no 
more than 6 months. 

2.8 Testing requirements. Provisions in this 
appendix pertaining to dishwashers that op-
erate with a nominal inlet temperature of 50 
°F or 120 °F apply only to water-heating dish-
washers as defined in section 1.26 of this ap-
pendix. 

2.9 Preconditioning requirements. Pre-
condition the dishwasher twice by estab-
lishing the testing conditions set forth in 
sections 2.1 through 2.5 of this appendix. For 
each preconditioning, set the dishwasher to 
the preconditioning cycle as defined in sec-
tion 1.15 of this appendix, without using a 
test load, and initiate the cycle. During the 
second preconditioning, measure the prewash 
fill water volume, Vpw, if any, and the main 
wash fill water volume, Vmw. 

2.10 Detergent. Use half the quantity of de-
tergent specified according to section 4.1 of 
ANSI/AHAM DW–1–2010 (incorporated by ref-
erence, see § 430.3), using Cascade with the 
Grease Fighting Power of Dawn powder as 
the detergent formulation. Determine the 
amount of detergent (in grams) to be added 
to the prewash compartment (if provided) or 
elsewhere in the dishwasher (if recommended 
by the manufacturer) and the main wash 
compartment according to sections 2.10.1 and 
2.10.2 of this appendix. 

2.10.1 Prewash Detergent Dosing. If the cycle 
setting for the test cycle includes prewash, 
determine the quantity of dry prewash deter-
gent, Dpw, in grams (g) that results in 0.25 
percent concentration by mass in the 
prewash fill water as: 
Dpw = Vpw × r × k × 0.25/100 

where, 
Vpw = the prewash fill volume of water in gal-

lons, 
r = water density = 8.343 pounds (lb)/gallon 

for dishwashers to be tested at a nominal 
inlet water temperature of 50 °F (10 °C), 
8.250 lb/gallon for dishwashers to be test-
ed at a nominal inlet water temperature 

of 120 °F (49 °C), and 8.205 lb/gallon for 
dishwashers to be tested at a nominal 
inlet water temperature of 140 °F (60 °C), 
and 

k = conversion factor from lb to g = 453.6 g/ 
lb. 

2.10.2 Main Wash Detergent Dosing. Deter-
mine the quantity of dry main wash deter-
gent, Dmw, in grams (g) that results in 0.25 
percent concentration by mass in the main 
wash fill water as: 

Dmw = Vmw × r × k × 0.25/100 

where, 

Vmw = the main wash fill volume of water in 
gallons, and 

r, and k are defined in section 2.10.1 of this 
appendix. 

3. INSTRUMENTATION 

Test instruments must be calibrated annu-
ally. 

3.1 Temperature measuring device. The device 
must have an error no greater than ±1 °F 
over the range being measured. 

3.2 Timer. Time measurements for each 
monitoring period shall be accurate to with-
in 2 seconds. 

3.3 Water meter. The water meter must have 
a resolution of no larger than 0.1 gallons and 
a maximum error no greater than ±1.5 per-
cent of the measured flow rate for all water 
temperatures encountered in the test cycle. 

3.4 Water pressure gauge. The water pres-
sure gauge must have a resolution of one 
pound per square inch (psi) and must have an 
error no greater than 5 percent of any meas-
ured value over the range of 35 ±2.5 psig. 

3.5 Watt-hour meter. The watt-hour meter 
must have a resolution of .1 watt-hour or less 
and a maximum error of no more than 1 per-
cent of the measured value for any demand 
greater than 5 watts. 

3.6 Standby mode and off mode watt meter. 
The watt meter used to measure standby 
mode and off mode power consumption shall 
meet the requirements specified in Section 4, 
Paragraph 4.4 of IEC 62301 (incorporated by 
reference, see § 430.3). 

4. TEST CYCLE AND MEASUREMENTS 

4.1 Active mode cycle. Perform a test cycle 
by establishing the testing conditions set 
forth in section 2 of this appendix, setting 
the dishwasher to the cycle type to be tested 
according to section 2.6.1, 2.6.2, or 2.6.3 of 
this appendix, initiating the cycle, and al-
lowing the cycle to proceed to completion. 

4.1.1 Machine electrical energy consumption. 
Measure the machine electrical energy con-
sumption, M, expressed as the number of kil-
owatt-hours of electricity consumed by the 
machine during the entire test cycle, using a 
water supply temperature as set forth in sec-
tion 2.3 of this appendix and using a watt- 
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hour meter as specified in section 3.5 of this 
appendix. 

4.1.2 Fan electrical energy consumption. If 
the dishwasher is capable of operation in fan- 
only mode, measure the fan electrical energy 
consumption, MF, expressed as the number of 
kilowatt-hours of electricity consumed by 
the machine for the duration of fan-only 
mode, using a watt-hour meter as specified 
in section 3.5 of this appendix. Alternatively, 
if the duration of fan-only mode is known, 
the watt-hours consumed may be measured 
for a period of 10 minutes in fan-only mode, 
using a watt-hour meter as specified in sec-
tion 3.5 of this appendix. Multiply this value 
by the time in minutes that the dishwasher 
remains in fan-only mode, LF, and divide by 
10,000 to obtain MF. The alternative approach 
may be used only if the resulting MF is rep-
resentative of energy use during the entire 
fan-only mode. 

4.1.3 Water consumption. Measure the water 
consumption, V, expressed as the number of 
gallons of water delivered to the machine 
during the entire test cycle, using a water 
meter specified in section 3.3 of this appen-
dix. 

4.2 Standby mode and off mode power. Con-
nect the dishwasher to a standby mode and 
off mode watt meter as specified in section 
3.6 of this appendix. Establish the testing 
conditions set forth in sections 2.1, 2.2, and 
2.5.2 of this appendix. For dishwashers that 
take some time to enter a stable state from 
a higher power state as discussed in Section 
5, Paragraph 5.1, note 1 of IEC 62301 (incor-
porated by reference; see § 430.3), allow suffi-
cient time for the dishwasher to reach the 
lower power state before proceeding with the 
test measurement. Follow the test procedure 
specified in Section 5, Paragraph 5.3.2 of IEC 
62301 for testing in each possible mode as de-
scribed in sections 4.2.1 and 4.2.2 of this ap-
pendix. 

4.2.1 If the dishwasher has an inactive 
mode, as defined in section 1.10 of this appen-
dix, measure and record the average inactive 
mode power of the dishwasher, PIA, in watts. 

4.2.2 If the dishwasher has an off mode, as 
defined in section 1.13 of this appendix, meas-
ure and record the average off mode power, 
POM, in watts. 

5. CALCULATION OF DERIVED RESULTS FROM 
TEST MEASUREMENTS 

5.1 Machine energy consumption. 
5.1.1 Machine energy consumption for non- 

soil-sensing electric dishwashers. Take the 
value recorded in section 4.1.1 of this appen-
dix as the per-cycle machine electrical en-
ergy consumption. Express the value, M, in 
kilowatt-hours per cycle. 

5.1.2 Machine energy consumption for soil- 
sensing electric dishwashers. The machine en-
ergy consumption for the sensor normal 
cycle, M, is defined as: 

M = (Mhr × Fhr) + (Mmr × Fmr) + (Mlr × Flr) 
where, 
Mhr = the value recorded in section 4.1.1 of 

this appendix for the test of the sensor 
heavy response, expressed in kilowatt- 
hours per cycle, 

Mmr = the value recorded in section 4.1.1 of 
this appendix for the test of the sensor 
medium response, expressed in kilowatt- 
hours per cycle, 

Mlr = the value recorded in section 4.1.1 of 
this appendix for the test of the sensor 
light response, expressed in kilowatt- 
hours per cycle, 

Fhr = the weighting factor based on consumer 
use of heavy response = 0.05, 

Fmr = the weighting factor based on con-
sumer use of medium response = 0.33, and 

Flr = the weighting factor based on consumer 
use of light response = 0.62. 

5.1.3 Machine energy consumption during 
water softener regeneration for water-softening 
dishwashers. The machine energy consump-
tion for water softener regeneration, MWS, is 
defined as: 
MWS = MWScycle × NWS/N 
where, 

MWScycle = the reported value of the additional 
machine electrical energy consumption 
required for water softener regeneration 
during a cycle including water softener 
regeneration, expressed in kilowatt- 
hours, 

NWS = the reported representative average 
number of water softener regeneration 
cycles per year, and 

N = the representative average dishwasher 
use of 215 cycles per year. 

5.2 Fan-only mode energy consumption. 
5.2.1 Electrical energy consumption for fan- 

only mode for non-soil-sensing electric dish-
washers. Take the value recorded in section 
4.1.2 of this appendix as the per-cycle elec-
trical energy consumption for fan-only 
mode. Express the value, EF, in kilowatt- 
hours per cycle. If the dishwasher is not ca-
pable of operation in fan-only mode, EF = 0. 

5.2.2 Electrical energy consumption for fan- 
only mode for soil-sensing electric dishwashers. 
The fan-only mode electrical energy con-
sumption, EF, for the sensor normal cycle is 
defined as: 

EF = (EFhr + EFmr + EFlr)/3 

where, 

EFhr = the value recorded in section 4.1.2 of 
this appendix for the test of the sensor 
heavy response, expressed in kilowatt- 
hours per cycle, 

EFmr = the value recorded in section 4.1.2 of 
this appendix for the test of the sensor 
medium response, expressed in kilowatt- 
hours per cycle, 

EFlr = the value recorded in section 4.1.2 of 
this appendix for the test of the sensor 
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light response, expressed in kilowatt- 
hours per cycle, 

If the dishwasher is not capable of oper-
ation in fan-only mode, EF = 0. 

5.3 Drying energy. 
5.3.1 Drying energy consumption for non-soil- 

sensing electric dishwashers. Calculate the 
amount of energy consumed using the power- 
dry feature after the termination of the last 
rinse option of the normal cycle. Express the 
value, ED, in kilowatt-hours per cycle. 

5.3.2 Drying energy consumption for soil-sens-
ing electric dishwashers. The drying energy 
consumption, ED, for the sensor normal cycle 
is defined as: 
ED = (EDhr + EDmr + EDlr)/3 
where, 
EDhr = energy consumed using the power-dry 

feature after the termination of the last 
rinse option of the sensor heavy re-
sponse, expressed in kilowatt-hours per 
cycle, 

EDmr = energy consumed using the power-dry 
feature after the termination of the last 
rinse option of the sensor medium re-
sponse, expressed in kilowatt-hours per 
cycle, 

EDlr = energy consumed using the power-dry 
feature after the termination of the last 
rinse option of the sensor light response, 
expressed in kilowatt-hours per cycle, 

5.4 Water consumption. 
5.4.1 Water consumption for non-soil-sensing 

electric dishwashers using electrically heated, 
gas-heated, or oil-heated water. Take the value 
recorded in section 4.1.3 of this appendix as 
the per-cycle water consumption. Express 
the value, V, in gallons per cycle. 

5.4.2 Water consumption for soil-sensing elec-
tric dishwashers using electrically heated, gas- 
heated, or oil-heated water. The water con-
sumption for the sensor normal cycle, V, is 
defined as: 
V = (Vhr × Fhr) + (Vmr × Fmr) + (Vlr × Flr) 
where, 
Vhr = the value recorded in section 4.1.3 of 

this appendix for the test of the sensor 
heavy response, expressed in gallons per 
cycle, 

Vmr = the value recorded in section 4.1.3 of 
this appendix for the test of the sensor 
medium response, expressed in gallons 
per cycle, 

Vlr = the value recorded in section 4.1.3 of 
this appendix for the test of the sensor 
light response, expressed in gallons per 
cycle, 

Fhr = the weighting factor based on consumer 
use of heavy response = 0.05, 

Fmr = the weighting factor based on con-
sumer use of medium response = 0.33, and 

Flr = the weighting factor based on consumer 
use of light response = 0.62. 

5.4.3 Water consumption during water soft-
ener regeneration for water-softening dish-

washers using electrically heated, gas-heated, or 
oil-heated water. The water consumption for 
water softener regeneration, VWS, is defined 
as: 
VWS = VWScycle × NWS/N 
where, 
VWScycle = the reported value of the additional 

water consumption required for water 
softener regeneration during a cycle in-
cluding water softener regeneration, ex-
pressed in gallons per cycle, 

NWS = the reported representative average 
number of water softener regeneration 
cycles per year, and 

N = the representative average dishwasher 
use of 215 cycles per year. 

5.5 Water energy consumption for non-soil- 
sensing or soil-sensing dishwashers using elec-
trically heated water. 

5.5.1 Dishwashers that operate with a nominal 
140 °F inlet water temperature, only. 

5.5.1.1 Calculate the water energy con-
sumption, W, expressed in kilowatt-hours per 
cycle and defined as: 
W = V × T × K 
where, 
V = water consumption in gallons per cycle, 

as determined in section 5.4.1 of this ap-
pendix for non-soil-sensing dishwashers 
and section 5.4.2 of this appendix for soil- 
sensing dishwashers, 

T = nominal water heater temperature rise = 
90 °F, and 

K = specific heat of water in kilowatt-hours 
per gallon per degree Fahrenheit = 0.0024. 

5.5.1.2 For water-softening dishwashers, 
calculate the water softener regeneration 
water energy consumption, WWS, expressed in 
kilowatt-hours per cycle and defined as: 
WWS = VWS × T × K 
where, 
VWS = water consumption during water soft-

ener regeneration in gallons per cycle 
which includes regeneration, as deter-
mined in section 5.4.3 of this appendix, 

T = nominal water heater temperature rise = 
90 °F, and 

K = specific heat of water in kilowatt-hours 
per gallon per degree Fahrenheit = 0.0024. 

5.5.2 Dishwashers that operate with a nominal 
inlet water temperature of 120 °F. 

5.5.2.1 Calculate the water energy con-
sumption, W, expressed in kilowatt-hours per 
cycle and defined as: 
W = V × T × K 
where, 
V = water consumption in gallons per cycle, 

as determined in section 5.4.1 of this ap-
pendix for non-soil-sensing dishwashers 
and section 5.4.2 of this appendix for soil- 
sensing dishwashers, 

T = nominal water heater temperature rise = 
70 °F, and 
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K = specific heat of water in kilowatt-hours 
per gallon per degree Fahrenheit = 0.0024, 

5.5.2.2 For water-softening dishwashers, 
calculate the water softener regeneration 
water energy consumption, WWS, expressed in 
kilowatt-hours per cycle and defined as: 
WWS = VWS × T × K 
where, 
VWS = water consumption during water soft-

ener regeneration in gallons per cycle 
which includes regeneration, as deter-
mined in section 5.4.3 of this appendix, 

T = nominal water heater temperature rise = 
70 °F, and 

K = specific heat of water in kilowatt-hours 
per gallon per degree Fahrenheit = 0.0024. 

5.6 Water energy consumption per cycle using 
gas-heated or oil-heated water. 

5.6.1 Dishwashers that operate with a nominal 
140 °F inlet water temperature, only. 

5.6.1.1 Calculate the water energy con-
sumption using gas-heated or oil-heated 
water, Wg, expressed in Btu’s per cycle and 
defined as: 
Wg = V × T × C / e 
where, 
V = water consumption in gallons per cycle, 

as determined in section 5.4.1 of this ap-
pendix for non-soil-sensing dishwashers 
and section 5.4.2 of this appendix for soil- 
sensing dishwashers, 

T = nominal water heater temperature rise = 
90 °F, 

C = specific heat of water in Btu’s per gallon 
per degree Fahrenheit = 8.2, and 

e = nominal gas or oil water heater recovery 
efficiency = 0.75, 

5.6.1.2 For water-softening dishwashers, 
calculate the water softener regeneration 
water energy consumption, WWSg, expressed 
in kilowatt-hours per cycle and defined as: 
WWSg = VWS × T × C/e 
where, 
VWS = water consumption during water soft-

ener regeneration in gallons per cycle 
which includes regeneration, as deter-
mined in section 5.4.3 of this appendix, 

T = nominal water heater temperature rise = 
90 °F, 

C = specific heat of water in Btu’s per gallon 
per degree Fahrenheit = 8.2, and 

e = nominal gas or oil water heater recovery 
efficiency = 0.75. 

5.6.2 Dishwashers that operate with a nominal 
120 °F inlet water temperature, only. 

5.6.2.1 Calculate the water energy con-
sumption using gas-heated or oil-heated 
water, Wg, expressed in Btu’s per cycle and 
defined as: 
Wg = V × T × C/e 
where, 
V = water consumption in gallons per cycle, 

as determined in section 5.4.1 of this ap-

pendix for non-soil-sensing dishwashers 
and section 5.4.2 of this appendix for soil- 
sensing dishwashers, 

T = nominal water heater temperature rise = 
70 °F, 

C = specific heat of water in Btu’s per gallon 
per degree Fahrenheit = 8.2, and 

e = nominal gas or oil water heater recovery 
efficiency = 0.75. 

5.6.2.2 For water-softening dishwashers, 
calculate the water softener regeneration 
water energy consumption, WWSg, expressed 
in kilowatt-hours per cycle and defined as: 
WWSg = VWS × T × C/e 
where, 
VWS = water consumption during water soft-

ener regeneration in gallons per cycle 
which includes regeneration, as deter-
mined in section 5.4.3 of this appendix, 

T = nominal water heater temperature rise = 
70 °F, 

C = specific heat of water in Btu’s per gallon 
per degree Fahrenheit = 8.2, and 

e = nominal gas or oil water heater recovery 
efficiency = 0.75. 

5.7 Annual combined low-power mode energy 
consumption. Calculate the annual combined 
low-power mode energy consumption for 
dishwashers, ETLP, expressed in kilowatt- 
hours per year, according to the following: 
ETLP = [(PIA × SIA) + (POM × SOM)] × K 
where: 
PIA = dishwasher inactive mode power, in 

watts, as measured in section 4.2.1 of this 
appendix for dishwashers capable of oper-
ating in inactive mode; otherwise, PIA = 
0, 

POM = dishwasher off mode power, in watts, 
as measured in section 4.2.2 of this ap-
pendix for dishwashers capable of oper-
ating in off mode; otherwise, POM = 0, 

SIA = annual hours in inactive mode as de-
fined as SLP if no off mode is possible, 
[SLP/2] if both inactive mode and off mode 
are possible, and 0 if no inactive mode is 
possible, 

SOM = annual hours in off mode as defined as 
SLP if no inactive mode is possible, [SLP/ 
2] if both inactive mode and off mode are 
possible, and 0 if no off mode is possible, 

SLP = combined low-power annual hours for 
all available modes other than active 
mode as defined as [H ¥ (N × (L + LF))] 
for dishwashers capable of operating in 
fan-only mode; otherwise, SLP = 8,465, 

H = the total number of hours per year = 8766 
hours per year, 

N = the representative average dishwasher 
use of 215 cycles per year, 

L = the average of the duration of the nor-
mal cycle and truncated normal cycle, 
for non-soil-sensing dishwashers with a 
truncated normal cycle; the duration of 
the normal cycle, for non-soil-sensing 
dishwashers without a truncated normal 
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cycle; the average duration of the sensor 
light response, truncated sensor light re-
sponse, sensor medium response, trun-
cated sensor medium response, sensor 
heavy response, and truncated sensor 
heavy response, for soil-sensing dish-
washers with a truncated cycle option; 
the average duration of the sensor light 
response, sensor medium response, and 
sensor heavy response, for soil-sensing 
dishwashers without a truncated cycle 
option, 

LF = the duration of the fan-only mode for 
the normal cycle for non-soil-sensing 
dishwashers; the average duration of the 
fan-only mode for sensor light response, 
sensor medium response, and sensor 
heavy response for soil-sensing dish-
washers, and 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

[77 FR 65982, Oct. 31, 2012] 

APPENDIX D TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF CLOTHES DRYERS 

NOTE: Effective February 10, 2014, manufac-
turers must make representations of energy 
efficiency, including certifications of compli-
ance, using appendix D. Compliance with 
DOE’s amended standards for clothes dryers, 
and corresponding use of the test procedures 
at appendix D1 for all representations, in-
cluding certifications of compliance, is re-
quired as of January 1, 2015. Manufacturers 
must use a single appendix for all represen-
tations, including certifications of compli-
ance, and may not use appendix D for certain 
representations and appendix D1 for other 
representations. The procedures in appendix 
D2 need not be performed to determine com-
pliance with energy conservation standards 
for clothes dryers at this time. However, 
manufacturers may elect to use the amended 
appendix D, D1 or D2 early. 

1. Definitions 

1.1 ‘‘AHAM’’ means the Association of 
Home Appliance Manufacturers. 

1.2 ‘‘Bone dry’’ means a condition of a load 
of test clothes which has been dried in a 
dryer at maximum temperature for a min-
imum of 10 minutes, removed and weighed 
before cool down, and then dried again for 10- 
minute periods until the final weight change 
of the load is 1 percent or less. 

1.3 ‘‘Compact’’ or compact size’’ means a 
clothes dryer with a drum capacity of less 
than 4.4 cubic feet. 

1.4 ‘‘Cool down’’ means that portion of the 
clothes drying cycle when the added gas or 
electric heat is terminated and the clothes 
continue to tumble and dry within the drum. 

1.5 ‘‘Cycle’’ means a sequence of operation 
of a clothes dryer which performs a clothes 
drying operation, and may include variations 
or combinations of the functions of heating, 
tumbling and drying. 

1.6 ‘‘Drum capacity’’ means the volume of 
the drying drum in cubic feet. 

1.7 ‘‘HLD–1’’ means the test standard pro-
mulgated by AHAM and titled ‘‘AHAM Per-
formance Evaluation Procedure for House-
hold Tumble Type Clothes Dryers’’, June 
1974, and designated as HLD–1. 

1.8 ‘‘HLD–2EC’’ means the test standard 
promulgated by AHAM and titled ‘‘Test 
Method for Measuring Energy Consumption 
of Household Tumble Type Clothes Dryers,’’ 
December 1975, and designated as HLD–2EC. 

1.9 ‘‘Standard size’’ means a clothes dryer 
with a drum capacity of 4.4 cubic feet or 
greater. 

1.10 ‘‘Moisture content’’ means the ratio of 
the weight of water contained by the test 
load to the bone-dry weight of the test load, 
expressed as a percent. 

1.11 ‘‘Automatic termination control’’ 
means a dryer control system with a sensor 
which monitors either the dryer load tem-
perature or its moisture content and with a 
controller which automatically terminates 
the drying process. A mark or detent which 
indicates a preferred automatic termination 
control setting must be present if the dryer 
is to be classified as having an ‘‘automatic 
termination control.’’ A mark is a visible 
single control setting on one or more dryer 
controls. 

1.12 ‘‘Temperature sensing control’’ means 
a system which monitors dryer exhaust air 
temperature and automatically terminates 
the dryer cycle. 

1.13 ‘‘Moisture sensing control’’ means a 
system which utilizes a moisture sensing ele-
ment within the dryer drum that monitors 
the amount of moisture in the clothes and 
automatically terminates the dryer cycle. 

2. Testing Conditions 

2.1 Installation. Install the clothes dryer in 
accordance with manufacturer’s instructions 
as shipped with the unit. If the manufactur-
er’s instructions do not specify the installa-
tion requirements for a certain component, 
it shall be tested in the as-shipped condition. 
The dryer exhaust shall be restricted by add-
ing the AHAM exhaust simulator described 
in 3.3.5 of HLD–1. All external joints should 
be taped to avoid air leakage. Disconnect all 
lights, such as task lights, that do not pro-
vide any information related to the drying 
process on the clothes dryer and that do not 
consume more than 10 watts during the 
clothes dryer test cycle. Control setting indi-
cator lights showing the cycle progression, 
temperature or dryness settings, or other 
cycle functions that cannot be turned off 
during the test cycle shall not be discon-
nected during the active mode test cycle. 
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2.2 Ambient temperature and humidity. Main-
tain the room ambient air temperature at 75 
±3 °F and the room relative humidity at 50±10 
percent relative humidity. 

2.3 Energy supply. 
2.3.1 Electrical supply. Maintain the elec-

trical supply at the clothes dryer terminal 
block within 1 percent of 120/240 or 120/208Y 
or 120 volts as applicable to the particular 
terminal block wiring system and within 1 
percent of the nameplate frequency as speci-
fied by the manufacturer. If the dryer has a 
dual voltage conversion capability, conduct 
test at the highest voltage specified by the 
manufacturer. 

2.3.2 Gas supply. 
2.3.2.1 Natural gas. Maintain the gas supply 

to the clothes dryer at a normal inlet test 
pressure immediately ahead of all controls 
at 7 to 10 inches of water column. If the 
clothes dryer is equipped with a gas appli-
ance pressure regulator, the regulator outlet 
pressure at the normal test pressure shall be 
within ±10 percent of the value recommended 
by the manufacturer in the installation man-
ual, on the nameplate sticker, or wherever 
the manufacturer makes such a rec-
ommendation for the basic model. The hour-
ly Btu rating of the burner shall be main-
tained within ±5 percent of the rating speci-
fied by the manufacturer. If the requirement 
to maintain the hourly Btu rating of the 
burner within ±5 percent of the rating speci-
fied by the manufacturer cannot be achieved 
under the allowable range in gas inlet test 
pressure, the orifice of the gas burner should 
be modified as necessary to achieve the re-
quired Btu rating. The natural gas supplied 
should have a heating value of approxi-
mately 1,025 Btus per standard cubic foot. 
The actual heating value, Hn2, in Btus per 
standard cubic foot, for the natural gas to be 
used in the test shall be obtained either from 
measurements made by the manufacturer 
conducting the test using a standard contin-
uous flow calorimeter as described in section 
2.4.6 or by the purchase of bottled natural 
gas whose Btu rating is certified to be at 
least as accurate a rating as could be ob-
tained from measurements with a standard 
continuous flow calorimeter as described in 
section 2.4.6. 

2.3.2.2 Propane gas. Maintain the gas supply 
to the clothes dryer at a normal inlet test 
pressure immediately ahead of all controls 
at 11 to 13 inches of water column. If the 
clothes dryer is equipped with a gas appli-
ance pressure regulator, the regulator outlet 
pressure at the normal test pressure shall be 
within ±10 percent of the value recommended 
by the manufacturer in the installation man-
ual, on the nameplate sticker, or wherever 
the manufacturer makes such a rec-
ommendation for the basic model. The hour-
ly Btu rating of the burner shall be main-
tained within ±5 percent of the rating speci-
fied by the manufacturer. If the requirement 

to maintain the hourly Btu rating of the 
burner within ±5 percent of the rating speci-
fied by the manufacturer cannot be achieved 
under the allowable range in gas inlet test 
pressure, the orifice of the gas burner should 
be modified as necessary to achieve the re-
quired Btu rating. The propane gas supplied 
should have a heating value of approxi-
mately 2,500 Btus per standard cubic foot. 
The actual heating value, Hp, in Btus per 
standard cubic foot, for the propane gas to be 
used in the test shall be obtained either from 
measurements made by the manufacturer 
conducting the test using a standard contin-
uous flow calorimeter as described in section 
2.4.6 or by the purchase of bottled gas whose 
Btu rating is certified to be at least as accu-
rate a rating as could be obtained from 
measurement with a standard continuous 
calorimeter as described in section 2.4.6. 

2.4 Instrumentation. Perform all test meas-
urements using the following instruments as 
appropriate. 

2.4.1 Weighing scale for test cloth. The scale 
shall have a range of 0 to a maximum of 60 
pounds with a resolution of at least 0.2 
ounces and a maximum error no greater than 
0.3 percent of any measured value within the 
range of 3 to 15 pounds. 

2.4.1.2 Weighing scale for drum capacity meas-
urements. The scale should have a range of 0 
to a maximum of 600 pounds with resolution 
of 0.50 pounds and a maximum error no 
greater than 0.5 percent of the measured 
value. 

2.4.2 Kilowatt-hour meter. The kilowatt-hour 
meter shall have a resolution of 0.001 kilo-
watt-hours and a maximum error no greater 
than 0.5 percent of the measured value. 

2.4.3 Gas meter. The gas meter shall have a 
resolution of 0.001 cubic feet and a maximum 
error no greater than 0.5 percent of the 
measured value. 

2.4.4 Dry and wet bulb psychrometer. The dry 
and wet bulb psychrometer shall have an 
error no greater than ±1 °F. A relative hu-
midity meter with a maximum error toler-
ance expressed in °F equivalent to the re-
quirements for the dry and wet bulb psy-
chrometer or with a maximum error toler-
ance of ±2 percent relative humidity would 
be acceptable for measuring the ambient hu-
midity. 

2.4.5 Temperature. The temperature sensor 
shall have an error no greater than ±1 °F. 

2.4.6 Standard Continuous Flow Calorimeter. 
The Calorimeter shall have an operating 
range of 750 to 3,500 Btu per cubic feet. The 
maximum error of the basic calorimeter 
shall be no greater than 0.2 percent of the ac-
tual heating value of the gas used in the 
test. The indicator readout shall have a max-
imum error no greater than 0.5 percent of 
the measured value within the operating 
range and a resolution of 0.2 percent of the 
full scale reading of the indicator instru-
ment. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00340 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



331 

Department of Energy Pt. 430, Subpt. B, App. D 

2.5 Lint trap. Clean the lint trap thoroughly 
before each test run. 

2.6 Test cloths. 
2.6.1 Energy test cloth. The energy test cloth 

shall be clean and consist of the following: 
(a) Pure finished bleached cloth, made with 

a momie or granite weave, which is a blended 
fabric of 50 percent cotton and 50 percent 
polyester and weighs within +10 percent of 
5.75 ounces per square yard after test cloth 
preconditioning and has 65 ends on the warp 
and 57 picks on the fill. The individual warp 
and fill yarns are a blend of 50 percent cotton 
and 50 percent polyester fibers. 

(b) Cloth material that is 24 inches by 36 
inches and has been hemmed to 22 inches by 
34 inches before washing. The maximum 
shrinkage after five washes shall not be more 
than four percent on the length and width. 

(c) The number of test runs on the same 
energy test cloth shall not exceed 25 runs. 

2.6.2 Energy stuffer cloths. The energy stuff-
er cloths shall be made from energy test 
cloth material and shall consist of pieces of 
material that are 12 inches by 12 inches and 
have been hemmed to 10 inches by 10 inches 
before washing. The maximum shrinkage 
after five washes shall not be more than four 
percent on the length and width. The number 
of test runs on the same energy stuffer cloth 
shall not exceed 25 runs after test cloth pre-
conditioning. 

2.6.3 Test Cloth Preconditioning. 
A new test cloth load and energy stuffer 

cloths shall be treated as follows: 
(1) Bone dry the load to a weight change of 

±1 percent, or less, as prescribed in Section 
1.2. 

(2) Place test cloth load in a standard 
clothes washer set at the maximum water 
fill level. Wash the load for 10 minutes in 
soft water (17 parts per million hardness or 
less), using 6.0 grams of AHAM Standard 
Test Detergent, IIA, per gallon of water. 
Wash water temperature is to controlled at 
140°±5 °F (60° ±2.7 °C). Rinse water tempera-
ture is to be controlled at 100° ±5 °F (37.7 ±2.7 
°C). 

(3) Rinse the load again at the same water 
temperature. 

(4) Bone dry the load as prescribed in Sec-
tion 1.2 and weigh the load. 

(5) This procedure is repeated until there is 
a weight change of one percent or less. 

(6) A final cycle is to be a hot water wash 
with no detergent, followed by two warm 
water rinses. 

2.7 Test loads. 
2.7.1 Compact size dryer load. Prepare a 

bone-dry test load of energy cloths which 
weighs 3.00 pounds ±.03 pounds. Adjustments 
to the test load to achieve the proper weight 
can be made by the use of energy stuffer 
cloths, with no more than five stuffer cloths 
per load. Dampen the load by agitating it in 
water whose temperature is 100° ±5 °F and 
consists of 0 to 17 parts per million hardness 

for approximately two minutes in order to 
saturate the fabric. Then, extract water from 
the wet test load by spinning the load until 
the moisture content of the load is between 
66.5 percent to 73.5 percent of the bone-dry 
weight of the test load. 

2.7.2 Standard size dryer load. Prepare a 
bone-dry test load of energy cloths which 
weighs 7.00 pounds ±.07 pounds. Adjustments 
to the test load to achieve the proper weight 
can be made by the use of energy stuffer 
cloths, with no more than five stuffer cloths 
per load. Dampen the load by agitating it in 
water whose temperature is 100° ±5 °F and 
consists of 0 to 17 parts per million hardness 
for approximately two minutes in order to 
saturate the fabric. Then, extract water from 
the wet test load by spinning the load until 
the moisture content of the load is between 
66.5 percent to 73.5 percent of the bone-dry 
weight of the test load. 

2.7.3 Method of loading. Load the energy 
test cloths by grasping them in the center, 
shaking them to hang loosely and then drop-
ping them in the dryer at random. 

2.8 Clothes dryer preconditioning. Before any 
test cycle, operate the dryer without a test 
load in the non-heat mode for 15 minutes or 
until the discharge air temperature is vary-
ing less than 1 °F for 10 minutes, which ever 
is longer, in the test installation location 
with the ambient conditions within the spec-
ified rest condition tolerances of 2.2. 

3. Test Procedures and Measurements 

3.1 Drum Capacity. Measure the drum ca-
pacity by sealing all openings in the drum 
except the loading port with a plastic bag, 
and ensure that all corners and depressions 
are filled and that there are no extrusions of 
the plastic bag through any openings in the 
interior of the drum. Support the dryer’s 
rear drum surface on a platform scale to pre-
vent deflection of the dryer, and record the 
weight of the empty dryer. Fill the drum 
with water to a level determined by the 
intersection of the door plane and the load-
ing port (i.e., the uppermost edge of the drum 
that is in contact with the door seal). Record 
the temperature of the water and then the 
weight of the dryer with the added water and 
then determine the mass of the water in 
pounds. Add the appropriate volume to ac-
count for any space in the drum interior not 
measured by water fill (e.g., the space above 
the uppermost edge of the drum within a 
curved door) and subtract the appropriate 
volume to account for space that is meas-
ured by water fill but cannot be used when 
the door is closed (e.g., space occupied by the 
door when closed). The drum capacity is cal-
culated as follows: 
C = w/d ±volume adjustment 
C = capacity in cubic feet. 
w = mass of water in pounds. 
d = density of water at the measured tem-

perature in pounds per cubic foot. 
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3.2 Dryer loading. Load the dryer as speci-
fied in 2.7. 

3.3 Test cycle. Operate the clothes dryer at 
the maximum temperature setting and, if 
equipped with a timer, at the maximum time 
setting. Any other optional cycle settings 
that do not affect the temperature or time 
settings shall be tested in the as-shipped po-
sition. If the clothes dryer does not have a 
separate temperature setting selection on 
the control panel, the maximum time set-
ting should be used for the drying test cycle. 
Dry the test load until the moisture content 
of the test load is between 2.5 percent and 5.0 
percent of the bone-dry weight of the test 
load, but do not permit the dryer to advance 
into cool down. If required, reset the timer 
or automatic dry control. 

3.4 Data recording. Record for each test 
cycle: 

3.4.1 Bone-dry weight of the test load de-
scribed in 2.7. 

3.4.2 Moisture content of the wet test load 
before the test, as described in 2.7. 

3.4.3 Moisture content of the dry test load 
obtained after the test described in 3.3. 

3.4.4 Test room conditions, temperature 
and percent relative humidity described in 
2.2. 

3.4.5 For electric dryers—the total kilo-
watt-hours of electric energy, Et, consumed 
during the test described in 3.3. 

3.4.6 For gas dryers: 
3.4.6.1 Total kilowatt-hours of electrical 

energy, Ete, consumed during the test de-
scribed in 3.3. 

3.4.6.2 Cubic feet of gas per cycle, Etg, con-
sumed during the test described in 3.3. 

3.4.6.3 On gas dryers using a continuously 
burning pilot light—the cubic feet of gas, 
Epg, consumed by the gas pilot light in one 
hour. 

3.4.6.4 Correct the gas heating value, GEF, 
as measured in 2.3.2.1 and 2.3.2.2, to standard 
pressure and temperature conditions in ac-
cordance with U.S. Bureau of Standards, cir-
cular C417, 1938. A sample calculation is il-
lustrated in appendix E of HLD–1. 

3.5 Test for automatic termination field use 
factor credits. Credit for automatic termi-
nation can be claimed for those dryers which 
meet the requirements for either tempera-
ture-sensing control, 1.12, or moisture sens-
ing control, 1.13, and having present the ap-
propriate mark or detent feed defined in 1.11. 

4. Calculation of Derived Results From Test 
Measurements 

4.1 Total per-cycle electric dryer energy con-
sumption. Calculate the total electric dryer 
energy consumption per cycle, Ece expressed 
in kilowatt-hours per cycle and defined as: 

Ece = [66/Ww¥Wd)]×Ett×FU 
Et = the energy recorded in 3.4.5. 
66=an experimentally established value for 

the percent reduction in the moisture 

content of the test load during a labora-
tory test cycle expressed as a percent. 

FU=Field use factor. 
=1.18 for time termination control systems. 
=1.04 for automatic control systems which 

meet the requirements of the definitions 
for automatic termination controls in 
1.11.1, 1.12 and 1.13. 

Ww = the moisture content of the wet test 
load as recorded in 3.4.2. 

Wd = the moisture content of the dry test 
load as recorded in 3.4.3. 

4.2 Per-cycle gas dryer electrical energy con-
sumption. Calculate the gas dryer electrical 
energy consumption per cycle, Ege, expressed 
in kilowatt-hours per cycle and defined as: 

EGE = [66/(Ww¥Wd)]×Ete×FU 
ETE = the energy recorded in 3.4.6.1 

FU, 66, Ww, Wd as defined in 4.1 
4.3 Per-cycle gas dryer gas energy consump-

tion. Calculate the gas dryer gas energy con-
sumption per cycle, Ege, expressed in Btu’s 
per cycle as defined as: 

EGG = [66/(Ww¥Wd)]×Etg×FU×GEF 
ETG = the energy recorded in 3.4.6.2 
GEF = corrected gas heat value (Btu per 

cubic feet) as defined in 3.4.6.4 
FU, 66, Ww Wd as defined in 4.1 
4.4 Per-cycle gas dryer continuously burning 

pilot light gas energy consumption. Calculate 
the gas dryer continuously burning pilot 
light gas energy consumption per cycle, Eup 
expressed in Btu’s per cycle and defined as: 

Eup = Epg×(8760¥140/416)×GEF 
Epg = the energy recorded in 3.4.6.3 
8760=number of hours in a year 
416=representative average number of 

clothes dryer cycles in a year 
140=estimated number of hours that the 

continuously burning pilot light is on 
during the operation of the clothes dryer 
for the representative average use cycle 
for clothes dryers (416 cycles per year) 

GEF as defined in 4.3 
4.5 Total per-cycle gas dryer gas energy con-

sumption expressed in Btu’s. Calculate the 
total gas dryer energy consumption per 
cycle, Eg, expressed in Btu’s per cycle and de-
fined as: 

Eg = Egg+Eup 
Egg as defined in 4.3 
Eup as defined in 4.4 
4.6 Total per-cycle gas dryer energy consump-

tion expressed in kilowatt-hours. Calculate the 
total gas dryer energy consumption per 
cycle, Ecg, expressed in kilowatt-hours per 
cycle and defined as: 

Ecg = Ege+(Eg/3412 Btu/k Wh) 
Ege as defined in 4.2 
Eg as defined in 4.5 

[46 FR 27326, May 19, 1981, as amended at 76 
FR 1032, Jan. 6, 2011; 78 FR 49644, Aug. 14, 
2013] 
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APPENDIX D1 TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF CLOTHES DRYERS 

NOTE: Effective February 10, 2014, manufac-
turers must make representations of energy 
efficiency, including certifications of compli-
ance, using appendix D. Compliance with 
DOE’s amended standards for clothes dryers, 
and corresponding use of the test procedures 
at appendix D1 for all representations, in-
cluding certifications of compliance, is re-
quired as of January 1, 2015. Manufacturers 
must use a single appendix for all represen-
tations, including certifications of compli-
ance, and may not use appendix D for certain 
representations and appendix D1 for other 
representations. The procedures in appendix 
D2 need not be performed to determine com-
pliance with energy conservation standards 
for clothes dryers at this time. However, 
manufacturers may elect to use the amended 
appendix D, D1, or D2 early. 

1. DEFINITIONS 

1.1 ‘‘Active mode’’ means a mode in which 
the clothes dryer is connected to a main 
power source, has been activated and is per-
forming the main function of tumbling the 
clothing with or without heated or unheated 
forced air circulation to remove moisture 
from the clothing, remove wrinkles or pre-
vent wrinkling of the clothing, or both. 

1.2 ‘‘AHAM’’ means the Association of 
Home Appliance Manufacturers. 

1.3 ‘‘AHAM HLD–1’’ means the test stand-
ard published by the Association of Home 
Appliance Manufacturers, titled ‘‘Household 
Tumble Type Clothes Dryers’’ (2009), AHAM 
HLD–1–2009 (incorporated by reference; see 
§ 430.3). 

1.4 ‘‘Automatic termination control’’ 
means a dryer control system with a sensor 
which monitors either the dryer load tem-
perature or its moisture content and with a 
controller which automatically terminates 
the drying process. A mark, detent, or other 
visual indicator or detent which indicates a 
preferred automatic termination control set-
ting must be present if the dryer is to be 
classified as having an ‘‘automatic termi-
nation control.’’ A mark is a visible single 
control setting on one or more dryer con-
trols. 

1.5 ‘‘Bone dry’’ means a condition of a load 
of test clothes which has been dried in a 
dryer at maximum temperature for a min-
imum of 10 minutes, removed, and weighed 
before cool down, and then dried again for 10- 
minute periods until the final weight change 
of the load is 1 percent or less. 

1.6 ‘‘Compact’’ or ‘‘compact size’’ means a 
clothes dryer with a drum capacity of less 
than 4.4 cubic feet. 

1.7 ‘‘Conventional clothes dryer’’ means a 
clothes dryer that exhausts the evaporated 
moisture from the cabinet. 

1.8 ‘‘Cool down’’ means that portion of the 
clothes drying cycle when the added gas or 
electric heat is terminated and the clothes 
continue to tumble and dry within the drum. 

1.9 ‘‘Cycle’’ means a sequence of operation 
of a clothes dryer which performs a clothes 
drying operation, and may include variations 
or combinations of the functions of heating, 
tumbling, and drying. 

1.10 ‘‘Drum capacity’’ means the volume of 
the drying drum in cubic feet. 

1.11 ‘‘IEC 62301’’ (Second Edition) means 
the test standard published by the Inter-
national Electrotechnical Commission 
(‘‘IEC’’) titled ‘‘Household electrical appli-
ances—Measurement of standby power,’’ 
Publication 62301 (Edition 2.0 2011–01) (incor-
porated by reference; see § 430.3). 

1.12 ‘‘Inactive mode’’ means a standby 
mode that facilitates the activation of active 
mode by remote switch (including remote 
control), internal sensor, or timer, or that 
provides continuous status display. 

1.13 ‘‘Moisture content’’ means the ratio of 
the weight of water contained by the test 
load to the bone-dry weight of the test load, 
expressed as a percent. 

1.14 ‘‘Moisture sensing control’’ means a 
system which utilizes a moisture sensing ele-
ment within the dryer drum that monitors 
the amount of moisture in the clothes and 
automatically terminates the dryer cycle. 

1.15 ‘‘Off mode’’ means a mode in which the 
clothes dryer is connected to a main power 
source and is not providing any active or 
standby mode function, and where the mode 
may persist for an indefinite time. An indi-
cator that only shows the user that the prod-
uct is in the off position is included within 
the classification of an off mode. 

1.16 ‘‘Standard size’’ means a clothes dryer 
with a drum capacity of 4.4 cubic feet or 
greater. 

1.17 ‘‘Standby mode’’ means any product 
modes where the energy using product is 
connected to a main power source and offers 
one or more of the following user-oriented or 
protective functions which may persist for 
an indefinite time: 

(a) To facilitate the activation of other 
modes (including activation or deactivation 
of active mode) by remote switch (including 
remote control), internal sensor, or timer. 

(b) Continuous functions, including infor-
mation or status displays (including clocks) 
or sensor-based functions. A timer is a con-
tinuous clock function (which may or may 
not be associated with a display) that pro-
vides regular scheduled tasks (e.g., switch-
ing) and that operates on a continuous basis. 

1.18 ‘‘Temperature sensing control’’ means 
a system which monitors dryer exhaust air 
temperature and automatically terminates 
the dryer cycle. 
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1.19 ‘‘Ventless clothes dryer’’ means a 
clothes dryer that uses a closed-loop system 
with an internal condenser to remove the 
evaporated moisture from the heated air. 
The moist air is not discharged from the cab-
inet. 

2. TESTING CONDITIONS 

2.1 Installation. 
2.1.1 All clothes dryers. For both conven-

tional clothes dryers and ventless clothes 
dryers, as defined in sections 1.7 and 1.19 of 
this appendix, install the clothes dryer in ac-
cordance with manufacturer’s instructions 
as shipped with the unit. If the manufactur-
er’s instructions do not specify the installa-
tion requirements for a certain component, 
it shall be tested in the as-shipped condition. 
Where the manufacturer gives the option to 
use the dryer both with and without a duct, 
the dryer shall be tested without the exhaust 
simulator described in section 3.3.5.1 of 
AHAM HLD–1 (incorporated by reference; see 
§ 430.3). All external joints should be taped to 
avoid air leakage. For drying testing, dis-
connect all lights, such as task lights, that 
do not provide any information related to 
the drying process on the clothes dryer and 
that do not consume more than 10 watts dur-
ing the clothes dryer test cycle. Control set-
ting indicator lights showing the cycle pro-
gression, temperature or dryness settings, or 
other cycle functions that cannot be turned 
off during the test cycle shall not be discon-
nected during the active mode test cycle. 
For standby and off mode testing, the 
clothes dryer shall also be installed in ac-
cordance with section 5, paragraph 5.2 of IEC 
62301 (Second Edition) (incorporated by ref-
erence; see § 430.3), disregarding the provi-
sions regarding batteries and the determina-
tion, classification, and testing of relevant 
modes. For standby and off mode testing, all 
lighting systems shall remain connected. 

2.1.2 Conventional clothes dryers. For con-
ventional clothes dryers, as defined in sec-
tion 1.7 of this appendix, the dryer exhaust 
shall be restricted by adding the AHAM ex-
haust simulator described in section 3.3.5.1 of 
AHAM HLD–1 (incorporated by reference; see 
§ 430.3). 

2.1.3 Ventless clothes dryers. For ventless 
clothes dryers, as defined in section 1.19, the 
dryer shall be tested without the AHAM ex-
haust simulator. If the manufacturer gives 
the option to use a ventless clothes dryer, 
with or without a condensation box, the 
dryer shall be tested with the condensation 
box installed. For ventless clothes dryers, 
the condenser unit of the dryer must remain 
in place and not be taken out of the dryer for 
any reason between tests. 

2.2 Ambient temperature and humidity. 
2.2.1 For drying testing, maintain the room 

ambient air temperature at 75 ±3 °F and the 
room relative humidity at 50 ±10 percent rel-
ative humidity. 

2.2.2 For standby and off mode testing, 
maintain room ambient air temperature con-
ditions as specified in section 4, paragraph 
4.2 of IEC 62301 (Second Edition) (incor-
porated by reference; see § 430.3) 

2.3 Energy supply. 
2.3.1 Electrical supply. Maintain the elec-

trical supply at the clothes dryer terminal 
block within 1 percent of 120/240 or 120/208Y 
or 120 volts as applicable to the particular 
terminal block wiring system and within 1 
percent of the nameplate frequency as speci-
fied by the manufacturer. If the dryer has a 
dual voltage conversion capability, conduct 
the test at the highest voltage specified by 
the manufacturer. 

2.3.1.1 Supply voltage waveform. For the 
clothes dryer standby mode and off mode 
testing, maintain the electrical supply volt-
age waveform indicated in section 4, para-
graph 4.3.2 of IEC 62301 (Second Edition) (in-
corporated by reference; see § 430.3). If the 
power measuring instrument used for testing 
is unable to measure and record the total 
harmonic content during the test measure-
ment period, it is acceptable to measure and 
record the total harmonic content imme-
diately before and after the test measure-
ment period. 

2.3.2 Gas supply. 
2.3.2.1 Natural gas. Maintain the gas supply 

to the clothes dryer immediately ahead of 
all controls at a pressure of 7 to 10 inches of 
water column. If the clothes dryer is 
equipped with a gas appliance pressure regu-
lator for which the manufacturer specifies an 
outlet pressure, the regulator outlet pressure 
shall be within ±10 percent of the value rec-
ommended by the manufacturer in the in-
stallation manual, on the nameplate sticker, 
or wherever the manufacturer makes such a 
recommendation for the basic model. The 
hourly Btu rating of the burner shall be 
maintained within ±5 percent of the rating 
specified by the manufacturer. If the require-
ment to maintain the hourly Btu rating of 
the burner within ±5 percent of the rating 
specified by the manufacturer cannot be 
achieved under the allowable range in gas 
inlet test pressure, the orifice of the gas 
burner should be modified as necessary to 
achieve the required Btu rating. The natural 
gas supplied should have a heating value of 
approximately 1,025 Btus per standard cubic 
foot. The actual heating value, Hn2, in Btus 
per standard cubic foot, for the natural gas 
to be used in the test shall be obtained either 
from measurements made by the manufac-
turer conducting the test using a standard 
continuous flow calorimeter as described in 
section 2.4.6 or by the purchase of bottled 
natural gas whose Btu rating is certified to 
be at least as accurate a rating as could be 
obtained from measurements with a stand-
ard continuous flow calorimeter as described 
in section 2.4.6. 
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2.3.2.2 Propane gas. Maintain the gas supply 
to the clothes dryer immediately ahead of 
all controls at a pressure of 11 to 13 inches of 
water column. If the clothes dryer is 
equipped with a gas appliance pressure regu-
lator for which the manufacturer specifies an 
outlet pressure, the regulator outlet pressure 
shall be within ±10 percent of the value rec-
ommended by the manufacturer in the in-
stallation manual, on the nameplate sticker, 
or wherever the manufacturer makes such a 
recommendation for the basic model. The 
hourly Btu rating of the burner shall be 
maintained within ±5 percent of the rating 
specified by the manufacturer. If the require-
ment to maintain the hourly Btu rating of 
the burner within ±5 percent of the rating 
specified by the manufacturer cannot be 
achieved under the allowable range in gas 
inlet test pressure, the orifice of the gas 
burner should be modified as necessary to 
achieve the required Btu rating. The propane 
gas supplied should have a heating value of 
approximately 2,500 Btus per standard cubic 
foot. The actual heating value, Hp, in Btus 
per standard cubic foot, for the propane gas 
to be used in the test shall be obtained either 
from measurements made by the manufac-
turer conducting the test using a standard 
continuous flow calorimeter as described in 
section 2.4.6 or by the purchase of bottled gas 
whose Btu rating is certified to be at least as 
accurate a rating as could be obtained from 
measurement with a standard continuous 
calorimeter as described in section 2.4.6. 

2.4 Instrumentation. Perform all test meas-
urements using the following instruments as 
appropriate. 

2.4.1 Weighing scale for test cloth. The scale 
shall have a range of 0 to a maximum of 60 
pounds with a resolution of at least 0.2 
ounces and a maximum error no greater than 
0.3 percent of any measured value within the 
range of 3 to 15 pounds. 

2.4.1.2 Weighing scale for drum capacity meas-
urements. The scale should have a range of 0 
to a maximum of 600 pounds with resolution 
of 0.50 pounds and a maximum error no 
greater than 0.5 percent of the measured 
value. 

2.4.2 Kilowatt-hour meter. The kilowatt-hour 
meter shall have a resolution of 0.001 kilo-
watt-hours and a maximum error no greater 
than 0.5 percent of the measured value. 

2.4.3 Gas meter. The gas meter shall have a 
resolution of 0.001 cubic feet and a maximum 
error no greater than 0.5 percent of the 
measured value. 

2.4.4 Dry and wet bulb psychrometer. The dry 
and wet bulb psychrometer shall have an 
error no greater than ±1 °F. A relative hu-
midity meter with a maximum error toler-
ance expressed in °F equivalent to the re-
quirements for the dry and wet bulb psy-
chrometer or with a maximum error toler-
ance of ±2 percent relative humidity would 

be acceptable for measuring the ambient hu-
midity. 

2.4.5 Temperature. The temperature sensor 
shall have an error no greater than ±1 °F. 

2.4.6 Standard Continuous Flow Calorimeter. 
The calorimeter shall have an operating 
range of 750 to 3,500 Btu per cubic feet. The 
maximum error of the basic calorimeter 
shall be no greater than 0.2 percent of the ac-
tual heating value of the gas used in the 
test. The indicator readout shall have a max-
imum error no greater than 0.5 percent of 
the measured value within the operating 
range and a resolution of 0.2 percent of the 
full-scale reading of the indicator instru-
ment. 

2.4.7 Standby mode and off mode watt meter. 
The watt meter used to measure standby 
mode and off mode power consumption shall 
meet the requirements specified in section 4, 
paragraph 4.4 of IEC 62301 (Second Edition) 
(incorporated by reference; see § 430.3). If the 
power measuring instrument used for testing 
is unable to measure and record the crest 
factor, power factor, or maximum current 
ratio during the test measurement period, it 
is acceptable to measure the crest factor, 
power factor, and maximum current ratio 
immediately before and after the test meas-
urement period. 

2.5 Lint trap. Clean the lint trap thoroughly 
before each test run. 

2.6 Test Clothes. 
2.6.1 Energy test cloth. The energy test cloth 

shall be clean and consist of the following: 
(a) Pure finished bleached cloth, made with 

a momie or granite weave, which is a blended 
fabric of 50-percent cotton and 50-percent 
polyester and weighs within +10 percent of 
5.75 ounces per square yard after test cloth 
preconditioning, and has 65 ends on the warp 
and 57 picks on the fill. The individual warp 
and fill yarns are a blend of 50-percent cot-
ton and 50-percent polyester fibers. 

(b) Cloth material that is 24 inches by 36 
inches and has been hemmed to 22 inches by 
34 inches before washing. The maximum 
shrinkage after five washes shall not be more 
than 4 percent on the length and width. 

(c) The number of test runs on the same 
energy test cloth shall not exceed 25 runs. 

2.6.2 Energy stuffer cloths. The energy stuff-
er cloths shall be made from energy test 
cloth material, and shall consist of pieces of 
material that are 12 inches by 12 inches and 
have been hemmed to 10 inches by 10 inches 
before washing. The maximum shrinkage 
after five washes shall not be more than 4 
percent on the length and width. The number 
of test runs on the same energy stuffer cloth 
shall not exceed 25 runs after test cloth pre-
conditioning. 

2.6.3 Test Cloth Preconditioning. 
A new test cloth load and energy stuffer 

cloths shall be treated as follows: 
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(1) Bone dry the load to a weight change of 
±1 percent, or less, as prescribed in section 
1.5. 

(2) Place the test cloth load in a standard 
clothes washer set at the maximum water 
fill level. Wash the load for 10 minutes in 
soft water (17 parts per million hardness or 
less), using 60.8 grams of AHAM standard 
test detergent Formula 3. Wash water tem-
perature is to be controlled at 140 ° ±5 °F (60 
° ±2.7 °C). Rinse water temperature is to be 
controlled at 100 ° ±5 °F (37.7 ±2.7 °C). 

(3) Rinse the load again at the same water 
temperature. 

(4) Bone dry the load as prescribed in sec-
tion 1.5 and weigh the load. 

(5) This procedure is repeated until there is 
a weight change of 1 percent or less. 

(6) A final cycle is to be a hot water wash 
with no detergent, followed by two warm 
water rinses. 

2.7 Test loads. 
2.7.1 Compact size dryer load. Prepare a 

bone-dry test load of energy cloths which 
weighs 3.00 pounds ±.03 pounds. Adjustments 
to the test load to achieve the proper weight 
can be made by the use of energy stuffer 
cloths, with no more than five stuffer cloths 
per load. Dampen the load by agitating it in 
water whose temperature is 60 °F ±5 °F and 
consists of 0 to 17 parts per million hardness 
for approximately 2 minutes in order to satu-
rate the fabric. Then, extract water from the 
wet test load by spinning the load until the 
moisture content of the load is between 54.0– 
61.0 percent of the bone-dry weight of the 
test load. 

2.7.2 Standard size dryer load. Prepare a 
bone-dry test load of energy cloths which 
weighs 8.45 pounds ±.085 pounds. Adjustments 
to the test load to achieve the proper weight 
can be made by the use of energy stuffer 
cloths, with no more than five stuffer cloths 
per load. Dampen the load by agitating it in 
water whose temperature is 60 °F ±5 °F and 
consists of 0 to 17 parts per million hardness 
for approximately 2 minutes in order to satu-
rate the fabric. Then, extract water from the 
wet test load by spinning the load until the 
moisture content of the load is between 54.0– 
61.0 percent of the bone-dry weight of the 
test load. 

2.7.3 Method of loading. Load the energy 
test cloths by grasping them in the center, 
shaking them to hang loosely, and then 
dropping them in the dryer at random. 

2.8 Clothes dryer preconditioning. 
2.8.1 Conventional clothes dryers. For con-

ventional clothes dryers, before any test 
cycle, operate the dryer without a test load 
in the non-heat mode for 15 minutes or until 
the discharge air temperature is varying less 
than 1 °F for 10 minutes—whichever is 
longer—in the test installation location with 
the ambient conditions within the specified 
test condition tolerances of 2.2. 

2.8.2 Ventless clothes dryers. For ventless 
clothes dryers, before any test cycle, the 
steady-state machine temperature must be 
equal to ambient room temperature de-
scribed in 2.2.1. This may be done by leaving 
the machine at ambient room conditions for 
at least 12 hours between tests. 

3. TEST PROCEDURES AND MEASUREMENTS 

3.1 Drum Capacity. Measure the drum ca-
pacity by sealing all openings in the drum 
except the loading port with a plastic bag, 
and ensuring that all corners and depressions 
are filled and that there are no extrusions of 
the plastic bag through any openings in the 
interior of the drum. Support the dryer’s 
rear drum surface on a platform scale to pre-
vent deflection of the drum surface, and 
record the weight of the empty dryer. Fill 
the drum with water to a level determined 
by the intersection of the door plane and the 
loading port (i.e., the uppermost edge of the 
drum that is in contact with the door seal). 
Record the temperature of the water and 
then the weight of the dryer with the added 
water and then determine the mass of the 
water in pounds. Add the appropriate volume 
to account for any space in the drum interior 
not measured by water fill (e.g., the space 
above the uppermost edge of the drum within 
a curved door) and subtract the appropriate 
volume to account for space that is meas-
ured by water fill but cannot be used when 
the door is closed (e.g., space occupied by the 
door when closed). The drum capacity is cal-
culated as follows: 
C = w/d ±volume adjustment 
C = capacity in cubic feet. 
w = mass of water in pounds. 
d = density of water at the measured tem-

perature in pounds per cubic foot. 
3.2 Dryer Loading. Load the dryer as speci-

fied in 2.7. 
3.3 Test cycle. Operate the clothes dryer at 

the maximum temperature setting and, if 
equipped with a timer, at the maximum time 
setting. Any other optional cycle settings 
that do not affect the temperature or time 
settings shall be tested in the as-shipped po-
sition. If the clothes dryer does not have a 
separate temperature setting selection on 
the control panel, the maximum time set-
ting should be used for the drying test cycle. 
Dry the load until the moisture content of 
the test load is between 2.5 and 5.0 percent of 
the bone-dry weight of the test load, at 
which point the test cycle is stopped, but do 
not permit the dryer to advance into cool 
down. If required, reset the timer to increase 
the length of the drying cycle. After stop-
ping the test cycle, remove and weigh the 
test load. The clothes dryer shall not be 
stopped intermittently in the middle of the 
test cycle for any reason. Record the data 
specified by section 3.4 of this appendix. If 
the dryer automatically stops during a cycle 
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because the condensation box is full of 
water, the test is stopped, and the test run is 
invalid, in which case the condensation box 
shall be emptied and the test re-run from the 
beginning. For ventless dryers, as defined in 
section 1.19 of this appendix, during the time 
between two cycles, the door of the dryer 
shall be closed except for loading (and un-
loading). 

3.4 Data recording. Record for each test 
cycle: 

3.4.1 Bone-dry weight of the test load de-
scribed in 2.7. 

3.4.2 Moisture content of the wet test load 
before the test, as described in 2.7. 

3.4.3 Moisture content of the dry test load 
obtained after the test described in 3.3. 

3.4.4 Test room conditions, temperature, 
and percent relative humidity described in 
2.2.1. 

3.4.5 For electric dryers—the total kilo-
watt-hours of electric energy, Et, consumed 
during the test described in 3.3. 

3.4.6 For gas dryers: 
3.4.6.1 Total kilowatt-hours of electrical 

energy, Ete, consumed during the test de-
scribed in 3.3. 

3.4.6.2 Cubic feet of gas per cycle, Etg, con-
sumed during the test described in 3.3. 

3.4.6.3 Correct the gas heating value, GEF, 
as measured in 2.3.2.1 and 2.3.2.2, to standard 
pressure and temperature conditions in ac-
cordance with U.S. Bureau of Standards, cir-
cular C417, 1938. 

3.5 Test for automatic termination field use 
factor. The field use factor for automatic ter-
mination can be claimed for those dryers 
which meet the requirements for automatic 
termination control, defined in 1.4. 

3.6 Standby mode and off mode power. Estab-
lish the testing conditions set forth in Sec-
tion 2 ‘‘Testing Conditions’’ of this appendix. 
For clothes dryers that take some time to 
enter a stable state from a higher power 
state as discussed in Section 5, Paragraph 
5.1, Note 1 of IEC 62301 (Second Edition) (in-
corporated by reference; see § 430.3), allow 
sufficient time for the clothes dryer to reach 
the lower power state before proceeding with 
the test measurement. Follow the test proce-
dure specified in section 5, paragraph 5.3.2 of 
IEC 62301 (Second Edition) for testing in each 
possible mode as described in sections 3.6.1 
and 3.6.2 of this appendix. 

3.6.1 If a clothes dryer has an inactive 
mode, as defined in 1.12, measure and record 
the average inactive mode power of the 
clothes dryer, PIA, in watts. 

3.6.2 If a clothes dryer has an off mode, as 
defined in 1.15, measure and record the aver-
age off mode power of the clothes dryer, 
POFF, in watts. 

4. CALCULATION OF DERIVED RESULTS FROM 
TEST MEASUREMENTS 

4.1 Total Per-cycle electric dryer energy con-
sumption. Calculate the total electric dryer 

energy consumption per cycle, Ece, expressed 
in kilowatt-hours per cycle and defined as: 

Ece = [53.5/(Ww¥Wd)] × Ett × field use, 

Where: 

53.5 = an experimentally established value 
for the percent reduction in the moisture 
content of the test load during a labora-
tory test cycle expressed as a percent. 

field use = field use factor. 

= 1.18 for clothes dryers with time termi-
nation control systems only without any 
automatic termination control func-
tions. 

= 1.04 clothes dryers with automatic control 
systems that meet the requirements of 
the definition for automatic control sys-
tems in 1.4, 1.14 and 1.18, including those 
that also have a supplementary timer 
control, or that may also be manually 
controlled. 

Ww = the moisture content of the wet test 
load as recorded in 3.4.2. 

Wd = the moisture content of the dry test 
load as recorded in 3.4.3. 

4.2 Per-cycle gas dryer electrical energy con-
sumption. Calculate the gas dryer electrical 
energy consumption per cycle, Ege, expressed 
in kilowatt-hours per cycle and defined as: 

Ege = [53.5/(Ww¥Wd)] × Ete × field use, 

Where: 

Ete = the energy recorded in 3.4.6.1 field use, 
53.5, Ww, Wd as defined in 4.1. 

4.3 Per-cycle gas dryer gas energy consump-
tion. Calculate the gas dryer gas energy con-
sumption per cycle, Ege, expressed in Btus 
per cycle as defined as: 

Egg = [53.5/(Ww ¥ Wd)] × Etg × field use × GEF 

Where: 

Etg = the energy recorded in 3.4.6.2 
GEF = corrected gas heat value (Btu per 

cubic feet) as defined in 3.4.6.3, field use, 
53.5, Ww, Wd as defined in 4.1. 

4.4 Total per-cycle gas dryer energy consump-
tion expressed in kilowatt-hours. Calculate the 
total gas dryer energy consumption per 
cycle, Ecg, expressed in kilowatt-hours per 
cycle and defined as: 

Ecg = Ege + (Egg/3412 Btu/kWh) 

Where: 

Ege as defined in 4.2 
Egg as defined in 4.3 

4.5 Per-cycle standby mode and off mode en-
ergy consumption. Calculate the dryer inac-
tive mode and off mode energy consumption 
per cycle, ETSO, expressed in kWh per cycle 
and defined as: 

ETSO = [(PIA × SIA) + (POFF × SOFF)] × K/283 

Where: 
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PIA = dryer inactive mode power, in watts, as 
measured in section 3.6.1; 

POFF = dryer off mode power, in watts, as 
measured in section 3.6.2. 

If the clothes dryer has both inactive mode 
and off mode, SIA and SOFF both equal 
8,620 ÷ 2 = 4,310, where 8,620 is the total 
inactive and off mode annual hours; 

If the clothes dryer has an inactive mode but 
no off mode, the inactive mode annual 
hours, SIA, is equal to 8,620 and the off 
mode annual hours, SOFF, is equal to 0; 

If the clothes dryer has an off mode but no 
inactive mode, SIA is equal to 0 and SOFF 
is equal to 8,620 

Where: 
K = 0.001 kWh/Wh conversion factor for watt- 

hours to kilowatt-hours; and 
283 = representative average number of 

clothes dryer cycles in a year. 

4.6 Per-cycle combined total energy consump-
tion expressed in kilowatt-hours. Calculate the 
per-cycle combined total energy consump-
tion, ECC, expressed in kilowatt-hours per 
cycle and defined for an electric clothes 
dryer as: 
ECC = Ece + ETSO 

Where: 
Ece = the energy recorded in section 4.1 of 

this appendix, and 
ETSO = the energy recorded in section 4.5 of 

this appendix, and defined for a gas 
clothes dryer as: 

ECC = Ecg + ETSO 

Where: 
Ecg = the energy recorded in section 4.4 of 

this appendix, and 
ETSO = the energy recorded in section 4.5 of 

this appendix. 

4.7 Energy Factor in pounds per kilowatt- 
hour. Calculate the energy factor, EF, ex-
pressed in pounds per kilowatt-hour and de-
fined for an electric clothes dryer as: 
EF = Wbonedry/Ece 

Where: 
Wbonedry = the bone dry test load weight re-

corded in 3.4.1, and 
Ece = the energy recorded in 4.1, and 
and defined for a gas clothes dryer as: 
EF = Wbonedry/Ecg 

Where: 
Wbonedry = the bone dry test load weight re-

corded in 3.4.1, and 
Ecg = the energy recorded in 4.4, 

4.8 Combined Energy Factor in pounds per 
kilowatt-hour. Calculate the combined energy 
factor, CEF, expressed in pounds per kilo-
watt-hour and defined as: 
CEF = Wbonedry/ECC 

Where: 

Wbonedry = the bone dry test load weight 3.4.1, 
and 

ECC = the energy recorded in 4.6 

[76 FR 1032, Jan. 6, 2011, as amended at 78 FR 
49645, Aug. 14, 2013] 

APPENDIX D2 TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF CLOTHES DRYERS 

NOTE: The procedures in appendix D2 need 
not be performed to determine compliance 
with energy conservation standards for 
clothes dryers at this time. Manufacturers 
may elect to use the amended appendix D2 
early to show compliance with the January 
1, 2015 energy conservation standards. Manu-
facturers must use a single appendix for all 
representations, including certifications of 
compliance, and may not use appendix D1 for 
certain representations and appendix D2 for 
other representations. 

1. Definitions 

1.1 ‘‘Active mode’’ means a mode in which 
the clothes dryer is connected to a main 
power source, has been activated and is per-
forming the main function of tumbling the 
clothing with or without heated or unheated 
forced air circulation to remove moisture 
from the clothing, remove wrinkles or pre-
vent wrinkling of the clothing, or both. 

1.2 ‘‘AHAM’’ means the Association of 
Home Appliance Manufacturers. 

1.3 ‘‘AHAM HLD–1’’ means the test stand-
ard published by the Association of Home 
Appliance Manufacturers, titled ‘‘Household 
Tumble Type Clothes Dryers,’’ (2009), AHAM 
HLD–1–2009 (incorporated by reference; see 
§ 430.3). 

1.4 ‘‘Automatic termination control’’ 
means a dryer control system with a sensor 
which monitors either the dryer load tem-
perature or its moisture content and with a 
controller which automatically terminates 
the drying process. A mark, detent, or other 
visual indicator or detent which indicates a 
preferred automatic termination control set-
ting must be present if the dryer is to be 
classified as having an ‘‘automatic termi-
nation control.’’ A mark is a visible single 
control setting on one or more dryer con-
trols. 

1.5 ‘‘Automatic termination control dryer’’ 
means a clothes dryer which can be preset to 
carry out at least one sequence of operations 
to be terminated by means of a system as-
sessing, directly or indirectly, the moisture 
content of the load. An automatic termi-
nation control dryer with supplementary 
timer or that may also be manually con-
trolled shall be tested as an automatic ter-
mination control dryer. 

1.6 ‘‘Bone dry’’ means a condition of a load 
of test clothes which has been dried in a 
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dryer at maximum temperature for a min-
imum of 10 minutes, removed, and weighed 
before cool down, and then dried again for 10- 
minute periods until the final weight change 
of the load is 1 percent or less. 

1.7 ‘‘Compact’’ or ‘‘compact size’’ means a 
clothes dryer with a drum capacity of less 
than 4.4 cubic feet. 

1.8 ‘‘Conventional clothes dryer’’ means a 
clothes dryer that exhausts the evaporated 
moisture from the cabinet. 

1.9 ‘‘Cool down’’ means that portion of the 
clothes drying cycle when the added gas or 
electric heat is terminated and the clothes 
continue to tumble and dry within the drum. 

1.10 ‘‘Cycle’’ means a sequence of operation 
of a clothes dryer which performs a clothes 
drying operation, and may include variations 
or combinations of the functions of heating, 
tumbling, and drying. 

1.11 ‘‘Drum capacity’’ means the volume of 
the drying drum in cubic feet. 

1.12 ‘‘IEC 62301’’ (Second Edition) means 
the test standard published by the Inter-
national Electrotechnical Commission 
(‘‘IEC’’) titled ‘‘Household electrical appli-
ances—Measurement of standby power,’’ 
Publication 62301 (Edition 2.0 2011–01) (incor-
porated by reference; see § 430.3). 

1.13 ‘‘Inactive mode’’ means a standby 
mode that facilitates the activation of active 
mode by remote switch (including remote 
control), internal sensor, or timer, or that 
provides continuous status display. 

1.14 ‘‘Moisture content’’ means the ratio of 
the weight of water contained by the test 
load to the bone-dry weight of the test load, 
expressed as a percent. 

1.15 ‘‘Moisture sensing control’’ means a 
system which utilizes a moisture sensing ele-
ment within the dryer drum that monitors 
the amount of moisture in the clothes and 
automatically terminates the dryer cycle. 

1.16 ‘‘Off mode’’ means a mode in which the 
clothes dryer is connected to a main power 
source and is not providing any active or 
standby mode function, and where the mode 
may persist for an indefinite time. An indi-
cator that only shows the user that the prod-
uct is in the off position is included within 
the clasification of an off mode. 

1.17 ‘‘Standard size’’ means a clothes dryer 
with a drum capacity of 4.4 cubic feet or 
greater. 

1.18 ‘‘Standby mode’’ means any product 
modes where the energy using product is 
connected to a mains power source and offers 
one or more of the following user-oriented or 
protective functions which may persist for 
an indefinite time: 

(a) To facilitate the activation of other 
modes (including activation or deactivation 
of active mode) by remote switch (including 
remote control), internal sensor, or timer. 

(b) Continuous functions, including infor-
mation or status displays (including clocks) 
or sensor-based functions. A timer is a con-

tinuous clock function (which may or may 
not be associated with a display) that pro-
vides regular scheduled tasks (e.g., switch-
ing) and that operates on a continuous basis. 

1.19 ‘‘Temperature sensing control’’ means 
a system which monitors dryer exhaust air 
temperature and automatically terminates 
the dryer cycle. 

1.20 ‘‘Timer dryer’’ means a clothes dryer 
that can be preset to carry out at least one 
operation to be terminated by a timer, but 
may also be manually controlled, and does 
not include any automatic termination func-
tion. 

1.21 ‘‘Ventless clothes dryer’’ means a 
clothes dryer that uses a closed-loop system 
with an internal condenser to remove the 
evaporated moisture from the heated air. 
The moist air is not discharged from the cab-
inet. 

2. Testing Conditions 

2.1 Installation. 
2.1.1 All clothes dryers. For both conven-

tional clothes dryers and ventless clothes 
dryers, as defined in sections 1.8 and 1.21 of 
this appendix, install the clothes dryer in ac-
cordance with manufacturer’s instructions 
as shipped with the unit. If the manufactur-
er’s instructions do not specify the installa-
tion requirements for a certain component, 
it shall be tested in the as-shipped condition. 
Where the manufacturer gives the option to 
use the dryer both with and without a duct, 
the dryer shall be tested without the exhaust 
simulator described in section 3.3.5.1 of 
AHAM HLD–1 (incorporated by reference; see 
§ 430.3). All external joints should be taped to 
avoid air leakage. For drying testing, dis-
connect all lights, such as task lights, that 
do not provide any information related to 
the drying process on the clothes dryer and 
that do not consume more than 10 watts dur-
ing the clothes dryer test cycle. Control set-
ting indicator lights showing the cycle pro-
gression, temperature or dryness settings, or 
other cycle functions that cannot be turned 
off during the test cycle shall not be discon-
nected during the active mode test cycle. 
For standby and off mode testing, the 
clothes dryer shall also be installed in ac-
cordance with section 5, paragraph 5.2 of IEC 
62301 (Second Edition) (incorporated by ref-
erence; see § 430.3), disregarding the provi-
sions regarding batteries and the determina-
tion, classification, and testing of relevant 
modes. For standby and off mode testing, all 
lighting systems shall remain connected. 

2.1.2 Conventional clothes dryers. For con-
ventional clothes dryers, as defined in sec-
tion 1.8 of this appendix, the dryer exhaust 
shall be restricted by adding the AHAM ex-
haust simulator described in section 3.3.5.1 of 
AHAM HLD–1 (incorporated by reference; see 
§ 430.3). 

2.1.3 Ventless clothes dryers. For ventless 
clothes dryers, as defined in section 1.21, the 
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dryer shall be tested without the AHAM ex-
haust simulator. If the manufacturer gives 
the option to use a ventless clothes dryer, 
with or without a condensation box, the 
dryer shall be tested with the condensation 
box installed. For ventless clothes dryers, 
the condenser unit of the dryer must remain 
in place and not be taken out of the dryer for 
any reason between tests. 

2.2 Ambient temperature and humidity. 
2.2.1 For drying testing, maintain the room 

ambient air temperature at 75 ±3 F and the 
room relative humidity at 50 ±10 percent rel-
ative humidity. 

2.2.2 For standby and off mode testing, 
maintain room ambient air temperature con-
ditions as specified in section 4, paragraph 
4.2 of IEC 62301 (Second Edition) (incor-
porated by reference; see § 430.3). 

2.3 Energy supply. 
2.3.1 Electrical supply. Maintain the elec-

trical supply at the clothes dryer terminal 
block within 1 percent of 120/240 or 120/208Y 
or 120 volts as applicable to the particular 
terminal block wiring system and within 1 
percent of the nameplate frequency as speci-
fied by the manufacturer. If the dryer has a 
dual voltage conversion capability, conduct 
the test at the highest voltage specified by 
the manufacturer. 

2.3.1.1 Supply voltage waveform. For the 
clothes dryer standby mode and off mode 
testing, maintain the electrical supply volt-
age waveform indicated in section 4, para-
graph 4.3.2 of IEC 62301 (Second Edition) (in-
corporated by reference; see § 430.3). If the 
power measuring instrument used for testing 
is unable to measure and record the total 
harmonic content during the test measure-
ment period, it is acceptable to measure and 
record the total harmonic content imme-
diately before and after the test measure-
ment period. 

2.3.2 Gas supply. 
2.3.2.1 Natural gas. Maintain the gas supply 

to the clothes dryer immediately ahead of 
all controls at a pressure of 7 to 10 inches of 
water column. If the clothes dryer is 
equipped with a gas appliance pressure regu-
lator for which the manufacturer specifies an 
outlet pressure, the regulator outlet pressure 
shall be within ±10 percent of the value rec-
ommended by the manufacturer in the in-
stallation manual, on the nameplate sticker, 
or wherever the manufacturer makes such a 
recommendation for the basic model. The 
hourly Btu rating of the burner shall be 
maintained within ±5 percent of the rating 
specified by the manufacturer. If the require-
ment to maintain the hourly Btu rating of 
the burner within ±5 percent of the rating 
specified by the manufacturer cannot be 
achieved under the allowable range in gas 
inlet test pressure, the orifice of the gas 
burner should be modified as necessary to 
achieve the required Btu rating. The natural 
gas supplied should have a heating value of 

approximately 1,025 Btus per standard cubic 
foot. The actual heating value, Hn2, in Btus 
per standard cubic foot, for the natural gas 
to be used in the test shall be obtained either 
from measurements made by the manufac-
turer conducting the test using a standard 
continuous flow calorimeter as described in 
section 2.4.6 or by the purchase of bottled 
natural gas whose Btu rating is certified to 
be at least as accurate a rating as could be 
obtained from measurements with a stand-
ard continuous flow calorimeter as described 
in section 2.4.6. 

2.3.2.2 Propane gas. Maintain the gas supply 
to the clothes dryer immediately ahead of 
all controls at a pressure of 11 to 13 inches of 
water column. If the clothes dryer is 
equipped with a gas appliance pressure regu-
lator for which the manufacturer specifies an 
outlet pressure, the regulator outlet pressure 
shall be within ±10 percent of the value rec-
ommended by the manufacturer in the in-
stallation manual, on the nameplate sticker, 
or wherever the manufacturer makes such a 
recommendation for the basic model. The 
hourly Btu rating of the burner shall be 
maintained within ±5 percent of the rating 
specified by the manufacturer. If the require-
ment to maintain the hourly Btu rating of 
the burner within ±5 percent of the rating 
specified by the manufacturer cannot be 
achieved under the allowable range in gas 
inlet test pressure, the orifice of the gas 
burner should be modified as necessary to 
achieve the required Btu rating. The propane 
gas supplied should have a heating value of 
approximately 2,500 Btus per standard cubic 
foot. The actual heating value, Hp, in Btus 
per standard cubic foot, for the propane gas 
to be used in the test shall be obtained either 
from measurements made by the manufac-
turer conducting the test using a standard 
continuous flow calorimeter as described in 
section 2.4.6 or by the purchase of bottled gas 
whose Btu rating is certified to be at least as 
accurate a rating as could be obtained from 
measurement with a standard continuous 
calorimeter as described in section 2.4.6. 

2.4 Instrumentation. Perform all test meas-
urements using the following instruments as 
appropriate. 

2.4.1 Weighing scale for test cloth. The scale 
shall have a range of 0 to a maximum of 60 
pounds with a resolution of at least 0.2 
ounces and a maximum error no greater than 
0.3 percent of any measured value within the 
range of 3 to 15 pounds. 

2.4.1.2 Weighing scale for drum capacity meas-
urements. The scale should have a range of 0 
to a maximum of 600 pounds with resolution 
of 0.50 pounds and a maximum error no 
greater than 0.5 percent of the measured 
value. 

2.4.2 Kilowatt-hour meter. The kilowatt-hour 
meter shall have a resolution of 0.001 kilo-
watt-hours and a maximum error no greater 
than 0.5 percent of the measured value. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00350 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



341 

Department of Energy Pt. 430, Subpt. B, App. D2 

2.4.3 Gas meter. The gas meter shall have a 
resolution of 0.001 cubic feet and a maximum 
error no greater than 0.5 percent of the 
measured value. 

2.4.4 Dry and wet bulb psychrometer. The dry 
and wet bulb psychrometer shall have an 
error no greater than ±1 °F. A relative hu-
midity meter with a maximum error toler-
ance expressed in °F equivalent to the re-
quirements for the dry and wet bulb psy-
chrometer or with a maximum error toler-
ance of ±2 percent relative humidity would 
be acceptable for measuring the ambient hu-
midity. 

2.4.5 Temperature. The temperature sensor 
shall have an error no greater than ±1 °F. 

2.4.6 Standard Continuous Flow Calorimeter. 
The calorimeter shall have an operating 
range of 750 to 3,500 Btu per cubic foot. The 
maximum error of the basic calorimeter 
shall be no greater than 0.2 percent of the ac-
tual heating value of the gas used in the 
test. The indicator readout shall have a max-
imum error no greater than 0.5 percent of 
the measured value within the operating 
range and a resolution of 0.2 percent of the 
full-scale reading of the indicator instru-
ment. 

2.4.7 Standby mode and off mode watt meter. 
The watt meter used to measure standby 
mode and off mode power consumption shall 
meet the requirements specified in section 4, 
paragraph 4.4 of IEC 62301 (Second Edition) 
(incorporated by reference; see § 430.3). If the 
power measuring instrument used for testing 
is unable to measure and record the crest 
factor, power factor, or maximum current 
ratio during the test measurement period, it 
is acceptable to measure the crest factor, 
power factor, and maximum current ratio 
immediately before and after the test meas-
urement period. 

2.5 Lint trap. Clean the lint trap thoroughly 
before each test run. 

2.6 Test Cloths. 
2.6.1 Energy test cloth. The energy test cloth 

shall be clean and consist of the following: 
(a) Pure finished bleached cloth, made with 

a momie or granite weave, which is a blended 
fabric of 50-percent cotton and 50-percent 
polyester and weighs within +10 percent of 
5.75 ounces per square yard after test cloth 
preconditioning, and has 65 ends on the warp 
and 57 picks on the fill. The individual warp 
and fill yarns are a blend of 50-percent cot-
ton and 50-percent polyester fibers. 

(b) Cloth material that is 24 inches by 36 
inches and has been hemmed to 22 inches by 
34 inches before washing. The maximum 
shrinkage after five washes shall not be more 
than 4 percent on the length and width. 

(c) The number of test runs on the same 
energy test cloth shall not exceed 25 runs. 

2.6.2 Energy stuffer cloths. The energy stuff-
er cloths shall be made from energy test 
cloth material, and shall consist of pieces of 
material that are 12 inches by 12 inches and 

have been hemmed to 10 inches by 10 inches 
before washing. The maximum shrinkage 
after five washes shall not be more than 4 
percent on the length and width. The number 
of test runs on the same energy stuffer cloth 
shall not exceed 25 runs after test cloth pre-
conditioning. 

2.6.3 Test Cloth Preconditioning. 
A new test cloth load and energy stuffer 

cloths shall be treated as follows: 
(1) Bone dry the load to a weight change of 

±1 percent, or less, as prescribed in section 
1.6 of this appendix. 

(2) Place the test cloth load in a standard 
clothes washer set at the maximum water 
fill level. Wash the load for 10 minutes in 
soft water (17 parts per million hardness or 
less), using 60.8 grams of AHAM standard 
test detergent Formula 3. Wash water tem-
perature should be maintained at 140 °F ±5 °F 
(60 °C ±2.7 °C). Rinse water temperature is to 
be controlled at 100 °F ±5 °F (37.7 °C ±2.7 °C). 

(3) Rinse the load again at the same water 
temperature. 

(4) Bone dry the load as prescribed in sec-
tion 1.6 of this appendix and weigh the load. 

(5) This procedure is repeated until there is 
a weight change of 1 percent or less. 

(6) A final cycle is to be a hot water wash 
with no detergent, followed by two warm 
water rinses. 

2.7 Test loads. 
2.7.1 Compact size dryer load. Prepare a 

bone-dry test load of energy cloths that 
weighs 3.00 pounds ±.03 pounds. The test load 
can be adjusted to achieve proper weight by 
adding energy stuffer cloths, but no more 
than five stuffer cloths may be added per 
load. Dampen the load by agitating it in 
water whose temperature is 60 °F ±5 °F and 
consists of 0 to 17 parts per million hardness 
for approximately 2 minutes to saturate the 
fabric. Then, extract water from the wet test 
load by spinning the load until the moisture 
content of the load is between 52.5 and 57.5 
percent of the bone-dry weight of the test 
load. Make a final mass adjustment, such 
that the moisture content is 57.5 percent 
±0.33 percent by adding water uniformly dis-
tributed among all of the test clothes in a 
very fine spray using a spray bottle. 

2.7.2 Standard size dryer load. Prepare a 
bone-dry test load of energy cloths that 
weighs 8.45 pounds ±.085 pounds. The test 
load can be adjusted to achieve proper 
weight by adding stuffer cloths, but no more 
than five stuffer cloths may be added per 
load. Dampen the load by agitating it in 
water whose temperature is 60 °F ±5 °F and 
consists of 0 to 17 parts per million hardness 
for approximately 2 minutes to saturate the 
fabric. Then, extract water from the wet test 
load by spinning the load until the moisture 
content of the load is between 52.5 and 57.5 
percent of the bone-dry weight of the test 
load. Make a final mass adjustment, such 
that the moisture content is 57.5 percent 
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±0.33 percent by adding water uniformly dis-
tributed among all of the test clothes in a 
very fine spray using a spray bottle. 

2.7.3 Method of loading. Load the energy 
test cloths by grasping them in the center, 
shaking them to hang loosely, and then 
dropping them in the dryer at random. 

2.8 Clothes dryer preconditioning. 
2.8.1 Conventional clothes dryers. For con-

ventional clothes dryers, before any test 
cycle, operate the dryer without a test load 
in the non-heat mode for 15 minutes or until 
the discharge air temperature is varying less 
than 1 °F for 10 minutes—whichever is 
longer—in the test installation location with 
the ambient conditions within the specified 
test condition tolerances of 2.2. 

2.8.2 Ventless clothes dryers. For ventless 
clothes dryers, before any test cycle, the 
steady-state machine temperature must be 
equal to ambient room temperature de-
scribed in 2.2.1. This may be done by leaving 
the machine at ambient room conditions for 
at least 12 hours between tests. 

3. Test Procedures and Measurements 

3.1 Drum Capacity. Measure the drum ca-
pacity by sealing all openings in the drum 
except the loading port with a plastic bag, 
and ensuring that all corners and depressions 
are filled and that there are no extrusions of 
the plastic bag through any openings in the 
interior of the drum. Support the dryer’s 
rear drum surface on a platform scale to pre-
vent deflection of the drum surface, and 
record the weight of the empty dryer. Fill 
the drum with water to a level determined 
by the intersection of the door plane and the 
loading port (i.e., the uppermost edge of the 
drum that is in contact with the door seal). 
Record the temperature of the water and 
then the weight of the dryer with the added 
water and then determine the mass of the 
water in pounds. Add the appropriate volume 
to account for any space in the drum interior 
not measured by water fill (e.g., the space 
above the uppermost edge of the drum within 
a curved door) and subtract the appropriate 
volume to account for the space that is 
measured by water fill but cannot be used 
when the door is closed (e.g., space occupied 
by the door when closed). The drum capacity 
is calculated as follows: 
C= w/d ±volume adjustment 
C = capacity in cubic feet. 
w = mass of water in pounds. 
d = density of water at the measured tem-

perature in pounds per cubic foot. 
3.2 Dryer Loading. Load the dryer as speci-

fied in 2.7. 
3.3 Test cycle. 
3.3.1 Timer dryers. For timer dryers, as de-

fined in section 1.20 of this appendix, operate 
the clothes dryer at the maximum tempera-
ture setting and, if equipped with a timer, at 
the maximum time setting. Any other op-

tional cycle settings that do not affect the 
temperature or time settings shall be tested 
in the as-shipped position. If the clothes 
dryer does not have a separate temperature 
setting selection on the control panel, the 
maximum time setting should be used for 
the drying test cycle. Dry the load until the 
moisture content of the test load is between 
1 and 2.5 percent of the bone-dry weight of 
the test load, at which point the test cycle is 
stopped, but do not permit the dryer to ad-
vance into cool down. If required, reset the 
timer to increase the length of the drying 
cycle. After stopping the test cycle, remove 
and weigh the test load. The clothes dryer 
shall not be stopped intermittently in the 
middle of the test cycle for any reason. 
Record the data specified by section 3.4 of 
this appendix. If the dryer automatically 
stops during a cycle because the condensa-
tion box is full of water, the test is stopped, 
and the test run is invalid, in which case the 
condensation box shall be emptied and the 
test re-run from the beginning. For ventless 
dryers, as defined in section 1.21 of this ap-
pendix, during the time between two cycles, 
the door of the dryer shall be closed except 
for loading (and unloading). 

3.3.2 Automatic termination control dryers. 
For automatic termination control dryers, 
as defined in section 1.5 of this appendix, a 
‘‘normal’’ program shall be selected for the 
test cycle. For dryers that do not have a 
‘‘normal’’ program, the cycle recommended 
by the manufacturer for drying cotton or 
linen clothes shall be selected. Where the 
drying temperature setting can be chosen 
independently of the program, it shall be set 
to the maximum. Where the dryness level 
setting can be chosen independently of the 
program, it shall be set to the ‘‘normal’’ or 
‘‘medium’’ dryness level setting. If such des-
ignation is not provided, then the dryness 
level shall be set at the mid-point between 
the minimum and maximum settings. Any 
other optional cycle settings that do not af-
fect the program, temperature or dryness 
settings shall be tested in the as-shipped po-
sition. Operate the clothes dryer until the 
completion of the programmed cycle, includ-
ing the cool down period. The cycle shall be 
considered complete when the dryer indi-
cates to the user that the cycle has finished 
(by means of a display, indicator light, audi-
ble signal, or other signal) and the heater 
and drum/fan motor shuts off for the final 
time. If the clothes dryer is equipped with a 
wrinkle prevention mode (i.e., that continu-
ously or intermittently tumbles the clothes 
dryer drum after the clothes dryer indicates 
to the user that the cycle has finished) that 
is activated by default in the as-shipped posi-
tion or if manufacturers’ instructions specify 
that the feature is recommended to be acti-
vated for normal use, the cycle shall be con-
sidered complete after the end of the wrinkle 
prevention mode. After the completion of 
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the test cycle, remove and weigh the test 
load. Record the data specified in section 3.4 
of this appendix. If the final moisture con-
tent is greater than 2 percent, the test shall 
be invalid and a new run shall be conducted 
using the highest dryness level setting. If the 
dryer automatically stops during a cycle be-
cause the condensation box is full of water, 
the test is stopped, and the test run is in-
valid, in which case the condensation box 
shall be emptied and the test re-run from the 
beginning. For ventless dryers, during the 
time between two cycles, the door of the 
dryer shall be closed except for loading (and 
unloading). 

3.4 Data recording. Record for each test 
cycle: 

3.4.1 Bone-dry weight of the test load de-
scribed in 2.7. 

3.4.2 Moisture content of the wet test load 
before the test, as described in 2.7. 

3.4.3 Moisture content of the dry test load 
obtained after the test described in 3.3. 

3.4.4 Test room conditions, temperature, 
and percent relative humidity described in 
2.2.1. 

3.4.5 For electric dryers—the total kilo-
watt-hours of electric energy, Et, consumed 
during the test described in 3.3. 

3.4.6 For gas dryers: 
3.4.6.1 Total kilowatt-hours of electrical 

energy, Ete, consumed during the test de-
scribed in 3.3. 

3.4.6.2 Cubic feet of gas per cycle, Etg, con-
sumed during the test described in 3.3. 

3.4.6.3 Correct the gas heating value, GEF, 
as measured in 2.3.2.1 and 2.3.2.2, to standard 
pressure and temperature conditions in ac-
cordance with U.S. Bureau of Standards, cir-
cular C417, 1938. 

3.4.7 The cycle settings selected, in accord-
ance with section 3.3.2 of this appendix, for 
the automatic termination control dryer 
test. 

3.5 Test for automatic termination field use 
factor. The field use factor for automatic ter-
mination can be claimed for those dryers 
which meet the requirements for automatic 
termination control, defined in 1.4. 

3.6 Standby mode and off mode power. Estab-
lish the testing conditions set forth in Sec-
tion 2 ‘‘Testing Conditions’’ of this appendix. 
For clothes dryers that take some time to 
enter a stable state from a higher power 
state as discussed in Section 5, Paragraph 
5.1, Note 1 of IEC 62301 (Second Edition) (in-
corporated by reference; see § 430.3), allow 
sufficient time for the clothes dryer to reach 
the lower power state before proceeding with 
the test measurement. Follow the test proce-
dure specified in section 5, paragraph 5.3.2 of 
IEC 62301 (Second Edition) for testing in each 
possible mode as described in sections 3.6.1 
and 3.6.2 of this appendix. 

3.6.1 If a clothes dryer has an inactive 
mode, as defined in section 1.13 of this appen-
dix, measure and record the average inactive 

mode power of the clothes dryer, PIA, in 
watts. 

3.6.2 If a clothes dryer has an off mode, as 
defined in section 1.16 of this appendix, meas-
ure and record the average off mode power of 
the clothes dryer, POFF, in watts. 

4. Calculation of Derived Results From Test 
Measurements 

4.1 Total per-cycle electric dryer energy con-
sumption. Calculate the total electric dryer 
energy consumption per cycle, Ece, expressed 
in kilowatt-hours per cycle and defined as: 
Ece = Et, 
for automatic termination control dryers, 

and, 
Ece = [55.5/(Ww¥ Wd)] × Et × field use, 
for timer dryers 

Where: 

55.5 = an experimentally established value 
for the percent reduction in the moisture 
content of the test load during a labora-
tory test cycle expressed as a percent. 

Et = the energy recorded in section 3.4.5 of 
this appendix 

field use = 1.18, the field use factor for 
clothes dryers with time termination 
control systems only without any auto-
matic termination control functions. 

Ww = the moisture content of the wet test 
load as recorded in section 3.4.2 of this 
appendix. 

Wd = the moisture content of the dry test 
load as recorded in section 3.4.3 of this 
appendix. 

4.2 Per-cycle gas dryer electrical energy con-
sumption. Calculate the gas dryer electrical 
energy consumption per cycle, Ege, expressed 
in kilowatt-hours per cycle and defined as: 
Ege = Ete, 
for automatic termination control dryers, 

and, 
Ege = [55.5/(Ww ¥Wd)] × Ete × field use, 
for timer dryers 

Where: 

Ete = the energy recorded in section 3.4.6.1 of 
this appendix. 

field use, 55.5, Ww, Wd as defined in section 4.1 
of this appendix. 

4.3 Per-cycle gas dryer gas energy consumption. 
Calculate the gas dryer gas energy con-
sumption per cycle, Ege, expressed in 
Btus per cycle and defined as: 

Egg = Etg × GEF 
for automatic termination control dryers, 

and, 
Egg = [55.5/(Ww ¥Wd)] × Etg × field use × GEF 
for timer dryers 

Where: 

Etg = the energy recorded in section 3.4.6.2 of 
this appendix. 

GEF = corrected gas heat value (Btu per 
cubic foot) as defined in section 3.4.6.3 of 
this appendix, 
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field use, 55.5, Ww, Wd as defined in section 4.1 
of this appendix. 

4.4 Total per-cycle gas dryer energy consump-
tion expressed in kilowatt-hours. Calculate the 
total gas dryer energy consumption per 
cycle, Ecg, expressed in kilowatt-hours per 
cycle and defined as: 
Ecg = Ege + (Egg/3412 Btu/kWh) 
Where: 

Ege = the energy calculated in section 4.2 of 
this appendix 

Egg = the energy calculated in section 4.3 of 
this appendix 

4.5 Per-cycle standby mode and off mode en-
ergy consumption. Calculate the dryer inac-
tive mode and off mode energy consumption 
per cycle, ETSO, expressed in kWh per cycle 
and defined as: 
ETSO = [(PIA × SIA) + (POFF × SOFF)] × K/283 
Where: 

PIA = dryer inactive mode power, in watts, as 
measured in section 3.6.1; 

POFF = dryer off mode power, in watts, as 
measured in section 3.6.2. 

If the clothes dryer has both inactive mode 
and off mode, SIA and SOFF both equal 
8,620 ÷ 2 = 4,310, where 8,620 is the total 
inactive and off mode annual hours; 

If the clothes dryer has an inactive mode but 
no off mode, the inactive mode annual 
hours, SIA, is equal to 8,620 and the off 
mode annual hours, SOFF, is equal to 0; 

If the clothes dryer has an off mode but no 
inactive mode, SIA is equal to 0 and SOFF 
is equal to 8,620 

Where: 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours; and 

283 = representative average number of 
clothes dryer cycles in a year. 

4.6 Per-cycle combined total energy consump-
tion expressed in kilowatt-hours. Calculate the 
per-cycle combined total energy consump-
tion, ECC, expressed in kilowatt-hours per 
cycle and defined for an electric clothes 
dryer as: 
ECC = Ece + ETSO 

Where: 

Ece = the energy calculated in section 4.1 of 
this appendix, and 

ETSO = the energy calculated in section 4.5 of 
this appendix, and defined for a gas 
clothes dryer as: 

ECC = Ecg + ETSO 

Where: 

Ecg = the energy calculated in section 4.4 of 
this appendix, and 

ETSO = the energy calculated in section 4.5 of 
this appendix. 

4.7 Energy Factor in pounds per kilowatt- 
hour. Calculate the energy factor, EF, ex-
pressed in pounds per kilowatt-hour and de-
fined for an electric clothes dryer as: 
EF = Wbonedry/Ece 

Where: 
Wbonedry = the bone dry test load weight re-

corded in section 3.4.1 of this appendix, 
and 

Ece = the energy calculated in section 4.1 of 
this appendix, and and defined for a gas 
clothes dryer as: 

EF = Wbonedry/Ecg 

Where: 
Wbonedry = the bone dry test load weight re-

corded in section 3.4.1 of this appendix, 
and 

Ecg = the energy calculated in section 4.4 of 
this appendix, 

4.8 Combined Energy Factor in pounds per 
kilowatt-hour. Calculate the combined energy 
factor, CEF, expressed in pounds per kilo-
watt-hour and defined as: 
CEF = Wbonedry/ECC 

Where: 
Wbonedry = the bone dry test load weight re-

corded in section 3.4.1 of this appendix, 
and 

ECC = the energy calculated in section 4.6 of 
this appendix. 

[78 FR 49647, Aug. 14, 2013] 

APPENDIX E TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF WATER HEATERS 

1. Definitions 

1.1 Cut-in means the time when or water 
temperature at which a water heater control 
or thermostat acts to increase the energy or 
fuel input to the heating elements, com-
pressor, or burner. 

1.2 Cut-out means the time when or water 
temperature at which a water heater control 
or thermostat acts to reduce to a minimum 
the energy or fuel input to the heating ele-
ments, compressor, or burner. 

1.3 Design Power Rating means the nominal 
power rating that a water heater manufac-
turer assigns to a particular design of water 
heater, expressed in kilowatts or Btu (kJ) 
per hour as appropriate. 

1.4 Energy Factor means a measure of water 
heater overall efficiency. 

1.5 First-Hour Rating means an estimate of 
the maximum volume of ‘‘hot’’ water that a 
storage-type water heater can supply within 
an hour that begins with the water heater 
fully heated (i.e., with all thermostats satis-
fied). It is a function of both the storage vol-
ume and the recovery rate. 

1.6 Heat Trap means a device which can be 
integrally connected or independently at-
tached to the hot and/or cold water pipe con-
nections of a water heater such that the de-
vice will develop a thermal or mechanical 
seal to minimize the recirculation of water 
due to thermal convection between the water 
heater tank and its connecting pipes. 
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1.7 Instantaneous Water Heaters 
1.7.1 Electric Instantaneous Water Heater Re-

served. 
1.7.2 Gas Instantaneous Water Heater means 

a water heater that uses gas as the energy 
source, initiates heating based on sensing 
water flow, is designed to deliver water at a 
controlled temperature of less than 180 °F (82 
°C), has an input greater than 50,000 Btu/h (53 
MJ/h) but less than 200,000 Btu/h (210 MJ/h), 
and has a manufacturer’s specified storage 
capacity of less than 2 gallons (7.6 liters). 
The unit may use a fixed or variable burner 
input. 

1.8 Maximum gpm (L/min) Rating means the 
maximum gallons per minute (liters per 
minute) of hot water that can be supplied by 
an instantaneous water heater while main-
taining a nominal temperature rise of 77 °F 
(42.8 °C) during steady state operation. 

1.9 Rated Storage Volume means the water 
storage capacity of a water heater, in gallons 
(liters), as specified by the manufacturer. 

1.10 Recovery Efficiency means the ratio of 
energy delivered to the water to the energy 
content of the fuel consumed by the water 
heater. 

1.11 Standby means the time during which 
water is not being withdrawn from the water 
heater. There are two standby time intervals 
used within this test procedure: tstby,1 rep-
resents the elapsed time between the time at 
which the maximum mean tank temperature 
is observed after the sixth draw and subse-
quent recovery and the end of the 24-hour 
test; tstby,2 represents the total time during 
the 24-hour simulated use test when water is 
not being withdrawn from the water heater. 

1.12 Storage-type Water Heaters 
1.12.1 Electric Storage-type Water Heater 

means a water heater that uses electricity as 
the energy source, is designed to heat and 
store water at a thermostatically controlled 
temperature of less than 180 °F (82 °C), has a 
nominal input of 12 kilowatts (40,956 Btu/h) 
or less, and has a rated storage capacity of 
not less than 20 gallons (76 liters) nor more 
than 120 gallons (450 liters). 

1.12.2 Gas Storage-type Water Heater means a 
water heater that uses gas as the energy 
source, is designed to heat and store water at 
a thermostatically controlled temperature of 
less than 180 °F (82 °C), has a nominal input 
of 75,000 Btu (79 MJ) per hour or less, and has 
a rated storage capacity of not less than 20 
gallons (76 liters) nor more than 100 gallons 
(380 liters). 

1.12.3 Heat Pump Water Heater means a 
water heater that uses electricity as the en-
ergy source, is designed to heat and store 
water at a thermostatically controlled tem-
perature of less than 180 °F (82 °C), has a 
maximum current rating of 24 amperes (in-
cluding the compressor and all auxiliary 
equipment such as fans, pumps, controls, 
and, if on the same circuit, any resistive ele-
ments) for an input voltage of 250 volts or 

less, and, if the tank is supplied, has a manu-
facturer’s rated storage capacity of 120 gal-
lons (450 liters) or less. Resistive elements 
used to provide supplemental heating may 
use the same circuit as the compressor if (1) 
an interlocking mechanism prevents concur-
rent compressor operation and resistive 
heating or (2) concurrent operation does not 
result in the maximum current rating of 24 
amperes being exceeded. Otherwise, the re-
sistive elements and the heat pump compo-
nents must use separate circuits. A heat 
pump water heater may be sold by the manu-
facturer with or without a storage tank. 

a. Heat Pump Water Heater with Storage 
Tank means an air-to-water heat pump sold 
by the manufacturer with an insulated stor-
age tank as a packaged unit. The tank and 
heat pump can be an integral unit or they 
can be separated. 

b. Heat Pump Water Heater without Stor-
age Tank (also called Add-on Heat Pump 
Water Heater) means an air-to-water heat 
pump designed for use with a storage-type 
water heater or a storage tank that is not 
specified or supplied by the manufacturer. 

1.12.4 Oil Storage-type Water Heater means a 
water heater that uses oil as the energy 
source, is designed to heat and store water at 
a thermostatically controlled temperature of 
less than 180 °F (82 °C), has a nominal energy 
input of 105,000 Btu/h (110 MJ/h) or less, and 
has a manufacturer’s rated storage capacity 
of 50 gallons (190 liters) or less. 

1.12.5 Storage-type Water Heater of More than 
2 Gallons (7.6 Liters) and Less than 20 Gallons 
(76 Liters). Reserved. 

1.13 ASHRAE Standard 41.1–86 means the 
standard published in 1986 by the American 
Society of Heating, Refrigerating and Air- 
Conditioning Engineers, Inc., and titled 
Standard Measurement Guide: Section on 
Temperature Measurements. 

1.14 ASTM–D–2156–80 means the test stand-
ard published in 1980 by the American Soci-
ety for Testing and Measurements and titled 
‘‘Smoke Density in Flue Gases from Burning 
Distillate Fuels, Test Method for’’. 

1.15 Symbol Usage The following identity re-
lationships are provided to help clarify the 
symbology used throughout this procedure: 

Cp specific heat capacity of water 
Eannual annual energy consumption of a water 

heater 
Ef energy factor of a water heater 
Fhr first-hour rating of a storage-type water 

heater 
Fmax maximum gpm (L/min) rating of an in-

stantaneous water heater rated at a tem-
perature rise of 77 °F (42.8 °C) across the 
heater 

i a subscript to indicate an ith draw during a 
test 

Mi mass of water removed during the ith 
draw (i=1 to 6) of the 24-hr simulated use 
test 
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M*i for storage-type water heaters, mass of 
water removed during the ith draw (i=1 to 
n) during the first-hour rating test 

M10m for instantaneous water heaters, mass 
of water removed continuously during a 10- 
minute interval in the maximum gpm (L/ 
min) rating test 

n for storage-type water heaters, total num-
ber of draws during the first-hour rating 
test 

Q total fossil fuel and/or electric energy con-
sumed during the entire 24-hr simulated 
use test 

Qd daily water heating energy consumption 
adjusted for net change in internal energy 

Qda adjusted daily water heating energy con-
sumption with adjustment for variation of 
tank to ambient air temperature difference 
from nominal value 

Qdm overall adjusted daily water heating en-
ergy consumption including Qda and QHWD 

Qhr hourly standby losses 
QHW daily energy consumption to heat water 

over the measured average temperature 
rise across the water heater 

QHWD adjustment to daily energy consump-
tion, Qhw, due to variation of the tempera-
ture rise across the water heater not equal 
to the nominal value of 77 °F (42.8 °C) 

Qr energy consumption of fossil fuel or heat 
pump water heaters between thermostat 
(or burner) cut-out prior to the first draw 
and cut-out following the first draw of the 
24-hr simulated use test 

Qr, max energy consumption of a modulating 
instantaneous water heater between cut- 
out (burner) prior to the first draw and 
cut-out following the first draw of the 24- 
hr simulated use test 

Qr, min energy consumption of a modulating 
instantaneous water heater from imme-
diately prior to the fourth draw to burner 
cut-out following the fourth draw of the 24- 
hr simulated use test 

Qstby total energy consumed by the water 
heater during the standby time interval 
tstby, 1 

Qsu total fossil fueled and/or electric energy 
consumed from the beginning of the first 
draw to the thermostat (or burner) cut-out 
following the completion of the sixth draw 
during the 24-hr simulated use test 

Tmin for modulating instantaneous water 
heaters, steady state outlet water tem-
perature at the minimum fuel input rate 

T̄0 mean tank temperature at the beginning 
of the 24-hr simulated use test 

T̄24 mean tank temperature at the end of the 
24-hr simulated use test 

T̄a, stby average ambient air temperature dur-
ing standby periods of the 24-hr use test 

T̄del for instantaneous water heaters, average 
outlet water temperature during a 10- 
minute continuous draw interval in the 
maximum gpm (L/min) rating test 

T̄del, i average outlet water temperature dur-
ing the ith draw of the 24-hr simulated use 
test 

T̄in for instantaneous water heaters, average 
inlet water temperature during a 10- 
minute continuous draw interval in the 
maximum gpm (L/min) rating test 

T̄in, i average inlet water temperature during 
the ith draw of the 24-hr simulated use test 

T̄max, 1 maximum measured mean tank tem-
perature after cut-out following the first 
draw of the 24-hr simulated use test 

T̄stby average storage tank temperature dur-
ing the standby period tstby, 2 of the 24-hr 
use test 

T̄su maximum measured mean tank tempera-
ture after cut-out following the sixth draw 
of the 24-hr simulated use test 

T̄t, stby average storage tank temperature dur-
ing the standby period tstby, 1 of the 24-hr 
use test 

T̄*del, i for storage-type water heaters, aver-
age outlet water temperature during the 
ith draw (i=1 to n) of the first-hour rating 
test 

T*max, i for storage-type water heaters, max-
imum outlet water temperature observed 
during the ith draw (i=1 to n) of the first- 
hour rating test 

T*min, i for storage-type water heaters, min-
imum outlet water temperature to termi-
nate the ith draw during the first-hour rat-
ing test 

UA standby loss coefficient of a storage-type 
water heater 

Vi volume of water removed during the ith 
draw (i=1 to 6) of the 24-hr simulated use 
test 

V*i volume of water removed during the ith 
draw (i=1 to n) during the first-hour rating 
test 

V10m for instantaneous water heaters, volume 
of water removed continuously during a 10- 
minute interval in the maximum gpm (L/ 
min) rating test 

Vmax steady state water flow rate of an in-
stantaneous water heater at the rated 
input to give a discharge temperature of 
135 °F ±5 °F (57.2 °C ±2.8 °C) 

Vmin steady state water flow rate of a modu-
lating instantaneous water heater at the 
minimum input to give a discharge tem-
perature of Tmin up to 135 °F ±5 °F (57.2 °C 
±2.8 °C) 

Vst measured storage volume of the storage 
tank 

Wf weight of storage tank when completely 
filled with water 

Wt tare weight of storage tank when com-
pletely empty of water 

n
r recovery efficiency 

p density of water 
tstby, 1 elapsed time between the time the 

maximum mean tank temperature is ob-
served after the sixth draw and the end of 
the 24-hr simulated use test 
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tstby, 2 overall standby periods when no water 
is withdrawn during the 24-hr simulated 
use test 
1.16 Tabletop water heater means a water 

heater in a rectangular box enclosure de-
signed to slide into a kitchen countertop 
space with typical dimensions of 36 inches 
high, 25 inches deep and 24 inches wide. 

2. Test Conditions 

2.1 Installation Requirements. Tests shall be 
performed with the water heater and instru-
mentation installed in accordance with Sec-
tion 4 of this appendix. 

2.2 Ambient Air Temperature. The ambient 
air temperature shall be maintained between 
65.0 °F and 70.0 °F (18.3 °C and 21.1 °C) on a 
continuous basis. For heat pump water heat-
ers, the dry bulb temperature shall be main-
tained at 67.5 °F ±1 °F (19.7 °C ±0.6 °C) and, in 
addition, the relative humidity shall be 
maintained between 49% and 51%. 

2.3 Supply Water Temperature. The tempera-
ture of the water being supplied to the water 
heater shall be maintained at 58 °F ±2 °F (14.4 
°C ±1.1 °C) throughout the test. 

2.4 Storage Tank Temperature. The average 
temperature of the water within the storage 
tank shall be set to 135 °F ±5 °F (57.2 °C ±2.8 
°C). 

2.5 Supply Water Pressure. During the test 
when water is not being withdrawn, the sup-
ply pressure shall be maintained between 40 
psig (275 kPa) and the maximum allowable 
pressure specified by the water heater manu-
facturer. 

2.6 Electrical and/or Fossil Fuel Supply. 
2.6.1 Electrical. Maintain the electrical sup-

ply voltage to within ±1% of the center of the 

voltage range specified by the water heater 
and/or heat pump manufacturer. 

2.6.2 Natural Gas. Maintain the supply pres-
sure in accordance with the manufacturer’s 
specifications. If the supply pressure is not 
specified, maintain a supply pressure of 7–10 
inches of water column (1.7–2.5 kPa). If the 
water heater is equipped with a gas appli-
ance pressure regulator, the regulator outlet 
pressure shall be within ±10% of the manu-
facturer’s specified manifold pressure. For 
all tests, use natural gas having a heating 
value of approximately 1,025 Btu per stand-
ard cubic foot (38,190 kJ per standard cubic 
meter). 

2.6.3 Propane Gas. Maintain the supply 
pressure in accordance with the manufactur-
er’s specifications. If the supply pressure is 
not specified, maintain a supply pressure of 
11–13 inches of water column (2.7–3.2 kPa). If 
the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator 
outlet pressure shall be within ±10% of the 
manufacturer’s specified manifold pressure. 
For all tests, use propane gas with a heating 
value of approximately 2,500 Btu per stand-
ard cubic foot (93,147 kJ per standard cubic 
meter). 

2.6.4 Fuel Oil Supply. Maintain an uninter-
rupted supply of fuel oil. Use fuel oil having 
a heating value of approximately 138,700 Btu 
per gallon (38,660 kJ per liter). 

3. Instrumentation 

3.1 Pressure Measurements. Pressure-meas-
uring instruments shall have an error no 
greater than the following values: 

Item measured Instrument accuracy Instrument precision 

Gas pressure ................................ ±0.1 inch of water column (±0.025 kPa) ±0.05 inch of water column (±0.012 kPa). 
Atmospheric pressure .................. ±0.1 inch of mercury column (±0.34 kPa) ±0.05 inch of mercury column (±0.17 kPa). 
Water pressure ............................. ±1.0 pounds per square inch (±6.9 kPa) ±0.50 pounds per square inch (±3.45 kPa). 

3.2 Temperature Measurement 
3.2.1 Measurement. Temperature measure-

ments shall be made in accordance with the 
Standard Measurement Guide: Section on 
Temperature Measurements, ASHRAE 
Standard 41.1–86. 

3.2.2 Accuracy and Precision. The accuracy 
and precision of the instruments, including 
their associated readout devices, shall be 
within the following limits: 

Item measured Instrument accuracy Instrument precision 

Air dry bulb temperature .............................. ±0.2 °F (±0.1 °C) ........................................ ±0.1 °F (±0.06 °C) 
Air wet bulb temperature ............................. ±0.2 °F (±0.1 °C) ........................................ ±0.1 °F (±0.06 °C) 
Inlet and outlet water temperatures ............. ±0.2 °F (±0.1 °C) ......................................... ±0.1 °F (±0.06 °C) 
Storage tank temperatures .......................... ±0.5 °F (±0.3 °C) ........................................ ±0.25 °F (±0.14 °C) 

3.2.3 Scale Division. In no case shall the 
smallest scale division of the instrument or 
instrument system exceed 2 times the speci-
fied precision. 

3.2.4 Temperature Difference. Temperature 
difference between the entering and leaving 
water may be measured with any of the fol-
lowing: 
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a. A thermopile 
b. Calibrated resistance thermometers 
c. Precision thermometers 
d. Calibrated thermistors 
e. Calibrated thermocouples 
f. Quartz thermometers 

3.2.5 Thermopile Construction. If a thermo-
pile is used, it shall be made from calibrated 
thermocouple wire taken from a single spool. 
Extension wires to the recording device shall 
also be made from that same spool. 

3.2.6 Time Constant. The time constant of 
the instruments used to measure the inlet 
and outlet water temperatures shall be no 
greater than 5 seconds. 

3.3 Liquid Flow Rate Measurement. The ac-
curacy of the liquid flow rate measurement, 
using the calibration if furnished, shall be 
equal to or less than ±1% of the measured 
value in mass units per unit time. 

3.4 Electric Energy. The electrical energy 
used shall be measured with an instrument 
and associated readout device that is accu-
rate within ±1% of the reading. 

3.5 Fossil Fuels. The quantity of fuel used 
by the water heater shall be measured with 
an instrument and associated readout device 
that is accurate within ±1% of the reading. 

3.6 Mass Measurements. For mass measure-
ments greater than or equal to 10 pounds (4.5 
kg), a scale that is accurate within ±1% of 
the reading shall be used to make the meas-
urement. For mass measurements less than 
10 pounds (4.5 kg), the scale shall provide a 
measurement that is accurate within ±0.1 
pound (0.045 kg). 

3.7 Heating Value. The higher heating value 
of the natural gas, propane, or fuel oil shall 
be measured with an instrument and associ-
ated readout device that is accurate within 
±1% of the reading. The heating value of nat-
ural gas and propane must be corrected for 
local temperature and pressure conditions. 

3.8 Time. The elapsed time measurements 
shall be measured with an instrument that is 
accurate within ±0.5 seconds per hour. 

3.9 Volume. Volume measurements shall be 
measured with an accuracy of ±2% of the 
total volume. 

4. Installation 

4.1 Water Heater Mounting. A water heater 
designed to be freestanding shall be placed 
on a 3⁄4 inch (2 cm) thick plywood platform 
supported by three 2 × 4 inch (5 cm × 10 cm) 
runners. If the water heater is not approved 
for installation on combustible flooring, 
suitable non-combustible material shall be 
placed between the water heater and the 
platform. Counter-top water heaters shall be 
placed against a simulated wall section. 
Wall-mounted water heaters shall be sup-
ported on a simulated wall in accordance 
with the manufacturer-published installa-
tion instructions. When a simulated wall is 
used, the recommended construction is 2 × 4 

inch (5 cm × 10 cm) studs, faced with 3⁄4 inch 
(2 cm) plywood. For heat pump water heaters 
that are supplied with a storage tank, the 
two components, if not delivered as a single 
package, shall be connected in accordance 
with the manufacturer-published installa-
tion instructions and the overall system 
shall be placed on the above-described ply-
wood platform. If installation instructions 
are not provided by the heat pump manufac-
turer, uninsulated 8 foot (2.4 m) long con-
necting hoses having an inside diameter of 5⁄8 
inch (1.6 cm) shall be used to connect the 
storage tank and the heat pump water heat-
er. With the exception of using the storage 
tank described in 4.10, the same require-
ments shall apply for heat pump water heat-
ers that are supplied without a storage tank 
from the manufacturer. The testing of the 
water heater shall occur in an area that is 
protected from drafts. 

4.2 Water Supply. Connect the water heater 
to a water supply capable of delivering water 
at conditions as specified in Sections 2.3 and 
2.5 of this appendix. 

4.3 Water Inlet and Outlet Configuration. For 
freestanding water heaters that are taller 
than 36 inches (91.4 cm), inlet and outlet pip-
ing connections shall be configured in a man-
ner consistent with Figures 1 and 2. Inlet and 
outlet piping connections for wall-mounted 
water heaters shall be consistent with Fig-
ure 3. For freestanding water heaters that 
are 36 inches or less in height and not sup-
plied as part of a counter-top enclosure 
(commonly referred to as an under-the- 
counter model), inlet and outlet piping shall 
be installed in a manner consistent with Fig-
ures 4, 5, and 6. For water heaters that are 
supplied with a counter-top enclosure, inlet 
and outlet piping shall be made in a manner 
consistent with Figures 7A and 7B, respec-
tively. The vertical piping noted in Figures 
7A and 7B shall be located (whether inside 
the enclosure or along the outside in a re-
cessed channel) in accordance with the man-
ufacturer-published installation instruc-
tions. 

All dimensions noted in Figures 1 through 
7 shall be achieved. All piping between the 
water heater and the inlet and outlet tem-
perature sensors, noted as TIN and TOUT in 
the figures, shall be Type ‘‘L’’ hard copper 
having the same diameter as the connections 
on the water heater. Unions may be used to 
facilitate installation and removal of the 
piping arrangements. A pressure gauge and 
diaphragm expansion tank shall be installed 
in the supply water piping at a location up-
stream of the inlet temperature sensor. An 
appropriately rated pressure and tempera-
ture relief valve shall be installed on all 
water heaters at the port specified by the 
manufacturer. Discharge piping for the relief 
valve shall be non-metallic. If heat traps, 
piping insulation, or pressure relief valve in-
sulation are supplied with the water heater, 
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they shall be installed for testing. Except 
when using a simulated wall, clearance shall 

be provided such that none of the piping con-
tacts other surfaces in the test room. 
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4.4 Fuel and/or Electrical Power and Energy 
Consumption. Install one or more instru-
ments which measure, as appropriate, the 
quantity and rate of electrical energy and/or 
fossil fuel consumption in accordance with 
Section 3. For heat pump water heaters that 
use supplemental resistive heating, the elec-
trical energy supplied to the resistive ele-
ment(s) shall be metered separately from the 
electrical energy supplied to the entire ap-

pliance or to the remaining components 
(e.g., compressor, fans, pumps, controls). 

4.5 Internal Storage Tank Temperature Meas-
urements. Install six temperature measure-
ment sensors inside the water heater tank 
with a vertical distance of at least 4 inches 
(100 mm) between successive sensors. A tem-
perature sensor shall be positioned at the 
vertical midpoint of each of the six equal 
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volume nodes within the tank. Nodes des-
ignate the equal volumes used to evenly par-
tition the total volume of the tank. As much 
as is possible, the temperature sensor should 
be positioned away from any heating ele-
ments, anodic protective devices, tank walls, 
and flue pipe walls. If the tank cannot ac-
commodate six temperature sensors and 
meet the installation requirements specified 
above, install the maximum number of sen-
sors which comply with the installation re-
quirements. The temperature sensors shall 
be installed either through (1) the anodic de-
vice opening; (2) the relief valve opening; or 
(3) the hot water outlet. If installed through 
the relief valve opening or the hot water out-
let, a tee fitting or outlet piping, as applica-
ble, shall be installed as close as possible to 
its original location. If the relief valve tem-
perature sensor is relocated, and it no longer 
extends into the top of the tank, a substitute 
relief valve that has a sensing element that 
can reach into the tank shall be installed. If 
the hot water outlet includes a heat trap, the 
heat trap shall be installed on top of the tee 
fitting. Added fittings shall be covered with 
thermal insulation having an R value be-
tween 4 and 8 h/ft2÷ °F/Btu (0.7 and 1.4 m2÷ °C/ 
W). 

4.6 Ambient Air Temperature Measurement. 
Install an ambient air temperature sensor at 
the vertical mid-point of the water heater 
and approximately 2 feet (610 mm) from the 
surface of the water heater. The sensor shall 
be shielded against radiation. 

4.7 Inlet and Outlet Water Temperature Meas-
urements. Install temperature sensors in the 
cold-water inlet pipe and hot-water outlet 
pipe as shown in Figures 1, 2, 3, 4, 5, 6, 7a and 
7b, as applicable. 

4.8 Flow Control. A valve shall be installed 
to provide flow as specified in sections 5.1.4.1 
for storage tank water heaters and 5.2.1 for 
instantaneous water heaters. 

4.9 Flue Requirements. 
4.9.1 Gas-Fired Water Heaters. Establish a 

natural draft in the following manner. For 
gas-fired water heaters with a vertically dis-
charging draft hood outlet, a 5-foot (1.5- 
meter) vertical vent pipe extension with a 
diameter equal to the largest flue collar size 
of the draft hood shall be connected to the 
draft hood outlet. For gas-fired water heat-
ers with a horizontally discharging draft 
hood outlet, a 90-degree elbow with a diame-
ter equal to the largest flue collar size of the 
draft hood shall be connected to the draft 
hood outlet. A 5-foot (1.5-meter) length of 
vent pipe shall be connected to the elbow and 
oriented to discharge vertically upward. Di-
rect vent gas-fired water heaters shall be in-
stalled with venting equipment specified in 
the manufacturer’s instructions using the 
minimum vertical and horizontal lengths of 
vent pipe recommended by the manufac-
turer. 

4.9.2 Oil-Fired Water Heaters. Establish a 
draft at the flue collar at the value specified 
in the manufacturer’s instructions. Establish 
the draft by using a sufficient length of vent 
pipe connected to the water heater flue out-
let, and directed vertically upward. For an 
oil-fired water heater with a horizontally 
discharging draft hood outlet, a 90-degree 
elbow with a diameter equal to the largest 
flue collar size of the draft hood shall be con-
nected to the draft hood outlet. A length of 
vent pipe sufficient to establish the draft 
shall be connected to the elbow fitting and 
oriented to discharge vertically upward. Di-
rect-vent oil-fired water heaters should be 
installed with venting equipment as speci-
fied in the manufacturer’s instructions, 
using the minimum vertical and horizontal 
lengths of vent pipe recommended by the 
manufacturer. 

4.10 Heat Pump Water Heater Storage Tank. 
The tank to be used for testing a heat pump 
water heater without a tank supplied by the 
manufacturer (see Section 1.12.3b) shall be an 
electric storage-type water heater having a 
measured volume of 47.0 gallons ±1.0 gallon 
(178 liters ±3.8 liters); two 4.5 kW heating ele-
ments controlled in such a manner as to pre-
vent both elements from operating simulta-
neously; and an energy factor greater than 
or equal to the minimum energy conserva-
tion standard (as determined in accordance 
with Section 6.1.7) and less than or equal to 
the sum of the minimum energy conserva-
tion standard and 0.02. 

5. Test Procedures 

5.1 Storage-type Water Heaters, Including 
Heat Pump Water Heaters. 

5.1.1 Determination of Storage Tank Volume. 
Determine the storage capacity, Vst, of the 
water heater under test, in gallons (liters), 
by subtracting the tare weight—measured 
while the tank is empty—from the gross 
weight of the storage tank when completely 
filled with water (with all air eliminated and 
line pressure applied as described in section 
2.5) and dividing the resulting net weight by 
the density of water at the measured tem-
perature. 

5.1.2 Setting the Thermostat. 
5.1.2.1 Single Thermostat Tanks. Starting 

with a tank at the supply water tempera-
ture, initiate normal operation of the water 
heater. After cut-out, determine the mean 
tank temperature every minute until the 
maximum value is observed. Determine 
whether this maximum value for the mean 
tank temperature is within the range of 135 
°F±5 °F (57.2 °C±2.8 °C). If not, turn off the 
water heater, adjust the thermostat, drain 
and refill the tank with supply water. Then, 
once again, initiate normal operation of the 
water heater, and determine the maximum 
mean tank temperature after cut-out. Re-
peat this sequence until the maximum mean 
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tank temperature after cut-out is 135 °F±5 °F 
(57.2 °C±2.8 °C). 

5.1.2.2 Tanks with Two or More Thermostats. 
Follow the same sequence as for a single 
thermostat tank, i.e. start at the supply 
water temperature, operate normally until 
cutout. Determine if the thermostat that 
controls the uppermost heating element 
yields a maximum water temperature of 135 
°F±5 °F (57.2 °C±2.8 °C), as measured by the 
in-tank sensors that are positioned above the 
uppermost heating element. If the tank tem-
perature at the thermostat is not within 135 
°F±5 °F (57.2 °C±2.8 °C), turn off the water 
heater, adjust the thermostat, drain and re-
fill the tank with supply water. The thermo-
stat that controls the heating element posi-
tioned next highest in the tank shall then be 
set to yield a maximum water temperature 
of 135 °F±5 °F (57.2 °C±2.8 °C). This process 
shall be repeated until the thermostat con-
trolling the lowest element is correctly ad-
justed. When adjusting the thermostat that 
controls the lowest element, the maximum 
mean tank temperature after cut-out, as de-
termined using all the in-tank sensors, shall 
be 135 °F±5 °F (57.2 °C±2.8 °C). When adjusting 
all other thermostats, use only the in-tank 
temperature sensors positioned above the 
heating element in question to evaluate the 
maximum water temperature after cut-out. 

For heat pump water heaters that control 
an auxiliary resistive element, the thermo-
stat shall be set in accordance with the man-
ufacturer’s installation instructions. 

5.1.3 Power Input Determination. For all 
water heaters except electric types having 
immersed heating elements, initiate normal 
operation and determine the power input, P, 
to the main burners (including pilot light 
power, if any) after 15 minutes of operation. 
If the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator 
outlet pressure shall be set within ±10% of 
that recommended by the manufacturer. For 
oil-fired water heaters the fuel pump pres-
sure shall be within ±10% of the manufactur-
er’s specified pump pressure. All burners 
shall be adjusted to achieve an hourly Btu 
(kJ) rating that is within ±2% of the value 
specified by the manufacturer. For an oil- 
fired water heater, adjust the burner to give 
a CO2 reading recommended by the manufac-
turer and an hourly Btu (kJ) rating that is 
within ±2% of that specified by the manufac-
turer. Smoke in the flue may not exceed No. 
1 smoke as measured by the procedure in 
ASTM–D–2156–80. 

5.1.4 First-Hour Rating Test. 
5.1.4.1 General. During hot water draws, re-

move water at a rate of 3.0±0.25 gallons per 
minute (11.4±0.95 liters per minute). Collect 
the water in a container that is large enough 
to hold the volume removed during an indi-
vidual draw and suitable for weighing at the 
termination of each draw. Alternatively, a 

water meter may be used to directly measure 
the water volume(s) withdrawn. 

5.1.4.2 Draw Initiation Criteria. Begin the 
first-hour rating test by imposing a draw on 
the storage-type water heater. After comple-
tion of this first draw, initiate successive 
draws based on the following criteria. For 
gas-and oil-fired water heaters, initiate suc-
cessive draws when the thermostat acts to 
reduce the supply of fuel to the main burner. 
For electric water heaters having a single 
element or multiple elements that all oper-
ate simultaneously, initiate successive 
draws when the thermostat acts to reduce 
the electrical input supplied to the ele-
ment(s). For electric water heaters having 
two or more elements that do not operate si-
multaneously, initiate successive draws 
when the applicable thermostat acts to re-
duce the electrical input to the element lo-
cated vertically highest in the storage tank. 
For heat pump waters heaters that do not 
use supplemental resistive heating, initiate 
successive draws immediately after the elec-
trical input to the compressor is reduced by 
the action of the water heater’s thermostat. 
For heat pump waters heaters that use sup-
plemental resistive heating, initiate succes-
sive draws immediately after the electrical 
input to the compressor or the uppermost re-
sistive element is reduced by the action of 
the applicable water heater thermostat. This 
draw initiation criterion for heat pump 
water heaters that use supplemental resis-
tive heating, however, shall only apply when 
the water located above the thermostat at 
cut-out is heated to 135 °F±5 °F (57.2 °C±2.8 
°C). 

5.1.4.3 Test Sequence. Establish normal 
water heater operation. If the water heater 
is not presently operating, initiate a draw. 
The draw may be terminated anytime after 
cut-in occurs. After cut-out occurs (i.e., all 
thermostats are satisfied), monitor the in-
ternal storage tank temperature sensors de-
scribed in section 4.5 every minute. 

Initiate a draw after a maximum mean 
tank temperature has been observed fol-
lowing cut-out. Record the time when the 
draw is initiated and designate it as an 
elapsed time of zero (t* = 0). (The superscript 
* is used to denote variables pertaining to 
the first-hour rating test.) Record the outlet 
water temperature beginning 15 seconds 
after the draw is initiated and at 5-second in-
tervals thereafter until the draw is termi-
nated. Determine the maximum outlet tem-
perature that occurs during this first draw 
and record it as T*max, 1. For the duration of 
this first draw and all successive draws, in 
addition, monitor the inlet temperature to 
the water heater to ensure that the required 
58 °F±2 °F (14.4 °C±1.1 °C) test condition is 
met. Terminate the hot water draw when the 
outlet temperature decreases to T*max,1¥25 °F 
(T*max,1¥13.9 °C). Record this temperature as 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00364 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



355 

Department of Energy Pt. 430, Subpt. B, App. E 

T*min,1. Following draw termination, deter-
mine the average outlet water temperature 
and the mass or volume removed during this 
first draw and record them as T̄*del,1 and M*1 
or V*1, respectively. 

Initiate a second and, if applicable, succes-
sive draw each time the applicable draw ini-
tiation criteria described in section 5.1.4.2 
are satisfied. As required for the first draw, 
record the outlet water temperature 15 sec-
onds after initiating each draw and at 5-sec-
ond intervals thereafter until the draw is 
terminated. Determine the maximum outlet 
temperature that occurs during each draw 
and record it as T*max, i, where the subscript 
i refers to the draw number. Terminate each 
hot water draw when the outlet temperature 
decreases to T*max, i¥25 °F (T*max, i¥13.9 °C). 
Record this temperature as T*min, i. Calculate 
and record the average outlet temperature 
and the mass or volume removed during each 
draw (T̄*del, i and M*i or V*i, respectively). 
Continue this sequence of draw and recovery 
until one hour has elapsed, then shut off the 
electrical power and/or fuel supplied to the 
water heater. 

If a draw is occurring at an elapsed time of 
one hour, continue this draw until the outlet 
temperature decreases to T*max, n¥25 °F 
(T*max, n ¥13.9 °C), at which time the draw 
shall be immediately terminated. (The sub-
script n shall be used to denote quantities 
associated with the final draw.) If a draw is 
not occurring at an elapsed time of one hour, 
a final draw shall be imposed at one hour. 
This draw shall be immediately terminated 
when the outlet temperature first indicates a 
value less than or equal to the cut-off tem-
perature used for the previous draw (T*min, 
n¥1). For cases where the outlet temperature 
is close to T*min, n¥1, the final draw shall pro-
ceed for a minimum of 30 seconds. If an out-
let temperature greater than T*min, n¥1 is not 
measured within 30 seconds, the draw shall 
be immediately terminated and zero addi-
tional credit shall be given towards first- 
hour rating (i.e., M*n = 0 or V*n = 0). After 
the final draw is terminated, calculate and 
record the average outlet temperature and 
the mass or volume removed during the draw 
(T̄*del, n and M*n or V*n, respectively). 

5.1.5 24-Hour Simulated Use Test. During the 
simulated use test, a total of 64.±3 1.0 gallons 
(243±3.8 liters) shall be removed. This value is 
referred to as the daily hot water usage in 
the following text. 

With the water heater turned off, fill the 
water heater with supply water and apply 
pressure as described in section 2.5. Turn on 
the water heater and associated heat pump 
unit, if present. After the cut-out occurs, the 
water heater may be operated for up to three 
cycles of drawing until cut-in, and then oper-
ating until cut-out, prior to the start of the 
test. 

At this time, record the mean tank tem-
perature (T̄o), and the electrical and/or fuel 

measurement readings, as appropriate. Begin 
the 24-hour simulated use test by with-
drawing a volume from the water heater that 
equals one-sixth of the daily hot water 
usage. Record the time when this first draw 
is initiated and assign it as the test elapsed 
time (t) of zero (0). Record the average stor-
age tank and ambient temperature every 15 
minutes throughout the 24-hour simulated 
use test unless a recovery or a draw is occur-
ring. At elapsed time intervals of one, two, 
three, four, and five hours from t = 0, initiate 
additional draws, removing an amount of 
water equivalent to one-sixth of the daily 
hot water usage with the maximum allow-
able deviation for any single draw being ±0.5 
gallons (1.9 liters). The quantity of water 
withdrawn during the sixth draw shall be in-
creased or decreased as necessary such that 
the total volume of water withdrawn equals 
64.3 gallons ±1.0 gallon (243.4 liters ±3.8 li-
ters). 

All draws during the simulated use test 
shall be made at flow rates of 3.0 gallons 
±0.25 gallons per minute (11.4 liters ±0.95 li-
ters per minute). Measurements of the inlet 
and outlet temperatures shall be made 15 
seconds after the draw is initiated and at 
every subsequent 5-second interval through-
out the duration of each draw. The arith-
metic mean of the hot water discharge tem-
perature and the cold water inlet tempera-
ture shall be determined for each draw (T̄del, 
i and T̄in, i). Determine and record the net 
mass or volume removed (Mi or Vi), as appro-
priate, after each draw. 

At the end of the recovery period following 
the first draw, record the maximum mean 
tank temperature observed after cut-out, 
T̄max, 1, and the energy consumed by an elec-
tric resistance, gas or oil-fired water heater, 
Qr. For heat pump water heaters, the total 
electrical energy consumed during the first 
recovery by the heat pump (including com-
pressor, fan, controls, pump, etc.) and, if ap-
plicable, by the resistive element(s) shall be 
recorded as Qr. 

At the end of the recovery period that fol-
lows the sixth draw, determine and record 
the total electrical energy and/or fossil fuel 
consumed since the beginning of the test, 
Qsu, In preparation for determining the en-
ergy consumed during standby, record the 
reading given on the electrical energy (watt- 
hour) meter, the gas meter, and/or the scale 
used to determine oil consumption, as appro-
priate. Record the maximum value of the 
mean tank temperature after cut-out as T̄su. 
Except as noted below, allow the water heat-
er to remain in the standby mode until 24 
hours have elapsed from the start of the test 
(i.e., since = 0). Prevent the water heater 
from beginning a recovery cycle during the 
last hour of the test by turning off the elec-
tric power to the electrical heating elements 
and heat pump, if present, or by turning 
down the fuel supply to the main burner at 
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an elapsed time of 23 hours. If a recovery is 
taking place at an elapsed time of 23 hours, 
wait until the recovery is complete before 
reducing the electrical and/or fuel supply to 
the water heater. At 24 hours, record the 
mean tank temperature, T̄24, and the electric 
and/or fuel instrument readings. Determine 
the total fossil fuel or electrical energy con-
sumption, as appropriate, for the entire 24- 
hour simulated use test, Q. Record the time 
interval between the time at which the max-
imum mean tank temperature is observed 
after the sixth draw and the end of the 24- 
hour test as stby, 1. Record the time during 
which water is not being withdrawn from the 
water heater during the entire 24-hour period 
as stby, 2. 

5.2 Instantaneous Gas and Electric Water 
Heaters 

5.2.1 Setting the Outlet Discharge Tempera-
ture. Initiate normal operation of the water 
heater at the full input rating for electric in-
stantaneous water heaters and at the max-
imum firing rate specified by the manufac-
turer for gas instantaneous water heaters. 
Monitor the discharge water temperature 
and set to a value of 135 °F ±5 °F (57.2 °C ±2.8 
°C) in accordance with the manufacturer’s 
instructions. If the water heater is not capa-
ble of providing this discharge temperature 
when the flow rate is 3.0 gallons ±0.25 gallons 
per minute (11.4 liters ±0.95 liters per 
minute), then adjust the flow rate as nec-
essary to achieve the specified discharge 
water temperature. Record the cor-
responding flow rate as Vmax. 

5.2.2 Additional Requirements for Variable 
Input Instantaneous Gas Water Heaters. If the 
instantaneous water heater incorporates a 
controller that permits operation at a re-
duced input rate, adjust the flow rate as nec-
essary to achieve a discharge water tempera-
ture of 135 °F ±5 °F (57.2 °C ±2.8 °C) while 
maintaining the minimum input rate. 
Record the corresponding flow rate as Vmin. If 
an outlet temperature of 135 °F ±5 °F (57.2 °C 
±2.8 °C) cannot be achieved at the minimum 
flow rate permitted by the instantaneous 
water heater, record the flow rate as Vmin and 
the corresponding outlet temperature as 
Tmin. 

5.2.3 Maximum GPM Rating Test for Instanta-
neous Water Heaters. Establish normal water 
heater operation at the full input rate for 
electric instantaneous water heaters and at 
the maximum firing rate for gas instanta-
neous water heaters with the discharge 
water temperature set in accordance with 
Section 5.2.1. During the 10-minute test, ei-
ther collect the withdrawn water for later 
measurement of the total mass removed, or 
alternatively, use a water meter to directly 
measure the water volume removed. 

After recording the scale or water meter 
reading, initiate water flow throughout the 
water heater, record the inlet and outlet 
water temperatures beginning 15 seconds 

after the start of the test and at subsequent 
5-second intervals throughout the duration 
of the test. At the end of 10 minutes, turn off 
the water. Determine the mass of water col-
lected, M10m, in pounds (kilograms), or the 
volume of water, V10m, in gallons (liters). 

5.2.4 24-hour Simulated Use Test for Gas In-
stantaneous Water Heaters. 

5.2.4.1 Fixed Input Instantaneous Water Heat-
ers. Establish normal operation with the dis-
charge water temperature and flow rate set 
to values of 135 °F ±5 °F (57.2 °C ±2.8 °C) and 
Vmax per Section 5.2.1, respectively. With no 
draw occurring, record the reading given by 
the gas meter and/or the electrical energy 
meter as appropriate. Begin the 24-hour sim-
ulated use test by drawing an amount of 
water out of the water heater equivalent to 
one-sixth of the daily hot water usage. 
Record the time when this first draw is initi-
ated and designate it as an elapsed time, t, of 
0. At elapsed time intervals of one, two, 
three, four, and five hours from t = 0, initiate 
additional draws, removing an amount of 
water equivalent to one-sixth of the daily 
hot water usage, with the maximum allow-
able deviation for any single draw being ±0.5 
gallons (1.9 liters). The quantity of water 
drawn during the sixth draw shall be in-
creased or decreased as necessary such that 
the total volume of water withdrawn equals 
64.3 gallons ±1.0 gallons (243.4 liters ±3.8 li-
ters). 

Measurements of the inlet and outlet 
water temperatures shall be made 15 seconds 
after the draw is initiated and at every 5-sec-
ond interval thereafter throughout the dura-
tion of the draw. The arithmetic mean of the 
hot water discharge temperature and the 
cold water inlet temperature shall be deter-
mined for each draw. Record the scale used 
to measure the mass of the withdrawn water 
or the water meter reading, as appropriate, 
after each draw. At the end of the recovery 
period following the first draw, determine 
and record the fossil fuel or electrical energy 
consumed, Qr. Following the sixth draw and 
subsequent recovery, allow the water heater 
to remain in the standby mode until exactly 
24 hours have elapsed since the start of the 
test (i.e., since t = 0). At 24 hours, record the 
reading given by the gas meter and/or the 
electrical energy meter as appropriate. De-
termine the fossil fuel or electrical energy 
consumed during the entire 24-hour simu-
lated use test and designate the quantity as 
Q. 

5.2.4.2 Variable Input Instantaneous Water 
Heaters. If the instantaneous water heater in-
corporates a controller that permits contin-
uous operation at a reduced input rate, the 
first three draws shall be conducted using 
the maximum flow rate, Vmax, while remov-
ing an amount of water equivalent to one- 
sixth of the daily hot water usage, with the 
maximum allowable deviation for any one of 
the three draws being ±0.5 gallons (1.9 liters). 
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The second three draws shall be conducted at 
Vmin. If an outlet temperature of 135 °F ±5 °F 
(57.2 °C ±2.8 °C) could not be achieved at the 
minimum flow rate permitted by the instan-
taneous water heater, the last three draws 
should be lengthened such that the volume 
removed is: 
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where Tmin is the outlet water temperature at 
the flow rate Vmin as determined in Sec-
tion 5.2.1, and where the maximum allow-
able variation for any one of the three 
draws is ±0.5 gallons (1.9 liters). The 
quantity of water withdrawn during the 
sixth draw shall be increased or de-
creased as necessary such that the total 
volume of water withdrawn equals (32.15 
+ 3÷V4,5,6) ±1.0 gallons 

((121.7 + 3 ÷ V4,5,6) ±3.8 liters). 
Measurements of the inlet and outlet 

water temperatures shall be made 5 seconds 
after a draw is initiated and at every 5-sec-
ond interval thereafter throughout the dura-
tion of the draw. Determine the arithmetic 
mean of the hot water discharge temperature 
and the cold water inlet temperature for 
each draw. Record the scale used to measure 
the mass of the withdrawn water or the 
water meter reading, as appropriate, after 
each draw. At the end of the recovery period 
following the first draw, determine and 
record the fossil fuel or electrical energy 
consumed, Qr, max. Likewise, record the read-
ing of the meter used to measure fossil fuel 
or electrical energy consumption prior to the 
fourth draw and at the end of the recovery 
period following the fourth draw, and des-
ignate the difference as Qr,min. Following the 
sixth draw and subsequent recovery, allow 
the water heater to remain in the standby 
mode until exactly 24 hours have elapsed 
since the start of the test (i.e., since t=0). At 
24 hours, record the reading given by the gas 
meter and/or the electrical energy meter, as 
appropriate. Determine the fossil fuel or 
electrical energy consumed during the entire 
24-hour simulated use test and designate the 
quantity as Q. 

6. Computations 

6.1 Storage Tank and Heat Pump Water Heat-
ers. 

6.1.1 Storage Tank Capacity. The storage 
tank capacity is computed using the fol-
lowing: 

V
W W

st
f t=

−( )
ρ

Where: 
Vst = the storage capacity of the water heat-

er, gal (L). 
Wf = the weight of the storage tank when 

completely filled with water, lb (kg). 
Wt = the (tare) weight of the storage tank 

when completely empty, lb (kg). 
r = the density of water used to fill the tank 

measured at the temperature of the 
water, lb/gal (kg/L). 

6.1.2. First-Hour Rating Computation. For 
the case in which the final draw is initiated 
at or prior to an elapsed time of one hour, 
the first-hour rating shall be computed 
using, 

F Vhr i
i

n
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1
Where: 
n = the number of draws that are completed 

during the first-hour rating test. 
V*i = the volume of water removed during 

the ith draw of the first-hour rating test, 
gal (L) 

or, if the mass of water is being measured, 

V
M

i
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*
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Where: 
M*i = the mass of water removed during the 

ith draw of the first-hour rating test, lb 
(kg). 

r = the water density corresponding to the 
average outlet temperature measured 
during the ith draw, (T̄*del, I), lb/gal (kg/ 
L). 

For the case in which a draw is not in 
progress at the elapsed time of one hour and 
a final draw is imposed at the elapsed time of 
one hour, the first-hour rating shall be cal-
culated using 
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where n and V*i are the same quantities as 
defined above, and 
V*n = the volume of water drawn during the 

nth (final) draw of the first-hour rating 
test, gal (L) 

T̄*del,n
¥

1 = the average water outlet tempera-
ture measured during the (n¥1)th draw 
of the first-hour rating test, °F (°C). 

T̄*del,n = the average water outlet tempera-
ture measured during the nth (final) 
draw of the first-hour rating test, °F (°C). 
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T̄*min,n
¥

1 = the minimum water outlet tem-
perature measured during the (n¥1)th 
draw of the first-hour rating test, °F (°C). 

6.1.3 Recovery Efficiency. The recovery effi-
ciency for gas, oil, and heat pump storage- 
type water heaters is computed as: 

η
ρ

r
p del in

r

st p o

r

M C T T

Q

V C T T

Q
=

−( )
+

−( )1 1 1 1 2 2 1, , max,

Where: 

M1 = total mass removed during the first 
draw of the 24-hour simulated use test, lb 
(kg), or, if the volume of water is being 
measured, 

M1 = V1 r1 

Where: 

V1 = total volume removed during the first 
draw of the 24-hour simulated use test, 
gal (L). 

r1 = density of the water at the water tem-
perature measured at the point where 
the flow volume is measured, lb/gal (kg/ 
L). 

Cp1 = specific heat of the withdrawn water, 
(T̄del,1 + T̄in,1) 2, Btu/lb °F (kJ/kg °C). 

T̄del,1 = average water outlet temperature 
measured during the first draw of the 24- 
hour simulated use test, °F (°C). 

T̄in,1 = average water inlet temperature meas-
ured during the first draw of the 24-hour 
simulated use test, °F (°C). 

Vst = as defined in section 6.1.1. 
r2 = density of stored hot water, (T̄max,1 + T̄o)/ 

2, lb/gal (kg/L). 
Cp2 = specific heat of stored hot water evalu-

ated at (T̄max,1 + T̄o) / 2, Btu/lb °F (kJ/kg2 
°C). 

T̄max,1 = maximum mean tank temperature 
recorded after cut-out following the first 
draw of the 24-hour simulated use test, 
°F (°C). 

T̄o = maximum mean tank temperature re-
corded prior to the first draw of the 24- 
hour simulated use test, °F (°C). 

Qr = the total energy used by the water heat-
er between cut-out prior to the first draw 
and cut-out following the first draw, in-
cluding auxiliary energy such as pilot 
lights, pumps, fans, etc., Btu (kJ). (Elec-
trical auxiliary energy shall be converted 
to thermal energy using the following 
conversion: 1 kWh = 3,412 Btu.) 

The recovery efficiency for electric water 
heaters with immersed heating elements is 
assumed to be 98%. 

6.1.4 Hourly Standby Losses. The hourly 
standby energy losses are computed as: 

Q

Q
V C T T

hr

stby
st p su

r

stby

=
−

−( )ρ
η

τ

24

1,

Where: 
Qhr = the hourly standby energy losses of 

the water heater, Btu/h (kJ/h). 
Qstby = the total energy consumed by the 

water heater between the time at which 
the maximum mean tank temperature is 
observed after the sixth draw and the end 
of the 24-hour test period, Btu (kJ). 

Vst = as defined in section 6.1.1. 
r = density of stored hot water, (T̄24 + T̄su) / 

2, lb/gal (kg/L). 
Cp = specific heat of the stored water, (T̄24 + 

T̄su) / 2, Btu/lb÷°F (kJ/kg÷°C). 
T̄24 = the mean tank temperature at the end 

of the 24-hour simulated use test, °F (°C). 
T̄su = the maximum mean tank temperature 

observed after the sixth draw, °F (°C). 
hr = as defined in section 6.1.3. 
tstby, 1 = elapsed time between the time at 

which the maximum mean tank tempera-
ture is observed after the sixth draw and 
the end of the 24-hour simulated use test, 
h. 

The standby heat loss coefficient for the 
tank is computed as: 

UA
Q

T T
hr

t stby a stby

=
−, , , ,1 1

Where: 
UA = standby heat loss coefficient of the 

storage tank, Btu/h÷°F (kJ/h÷°C). 
Qhr = as defined in this section. 
T̄t, stby,1 = overall average storage tank tem-

perature between the time when the 
maximum mean tank temperature is ob-
served after the sixth draw and the end of 
the 24-hour simulated use test, °F (°C). 

T̄a, stby,1 = overall average ambient tempera-
ture between the time when the max-
imum mean tank temperature is ob-
served after the sixth draw and the end of 
the 24-hour simulated use test, °F (°C). 

6.1.5 Daily Water Heating Energy Consump-
tion. The daily water heating energy con-
sumption, Qd, is computed as: 
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Q Q
V C T T

d
st p o

r

= −
−( )ρ

η
24

Where: 

Q = total energy used by the water heater 
during the 24-hour simulated use test in-
cluding auxiliary energy such as pilot 
lights, pumps, fans, etc., Btu (kJ). (Elec-
trical auxiliary energy shall be converted 
to thermal energy using the following 
conversion: 1 kWh = 3,412 Btu.) 

Vst = as defined in section 6.1.1. 
r= density of the stored hot water, (T̄24 + T̄o) 

/ 2, lb/gal (kg/L). 
Cp = specific heat of the stored water, (T̄24 + 

T̄o) / 2, Btu/lb÷°F (kJ/kg÷°C). 
T̄24 = mean tank temperature at the end of 

the 24-hour simulated use test, °F (°C). 
T̄o = mean tank temperature at the begin-

ning of the 24-hour simulated use test, 
recorded one minute before the first draw 
is initiated, °F (°C). 

hr = as defined in section 6.1.3. 

6.1.6 Adjusted Daily Water Heating Energy 
Consumption. The adjusted daily water heat-
ing energy consumption, Qda, takes into ac-
count that the temperature difference be-
tween the storage tank and surrounding am-
bient air may not be the nominal value of 
67.5 °F (135 °F–67.5 °F) or 37.5 °C (57.2 °C–19.7 
°C) due to the 10 °F (5.6 °C) allowable vari-
ation in storage tank temperature, 135 °F ±5 
°F (57.2 °C ±2.8 °C), and the 5 °F (2.8 °C) allow-
able variation in surrounding ambient tem-
perature 65 °F (18.3 °C) to 70 °F (21.1 °C). The 
adjusted daily water heating energy con-
sumption is computed as: 

Qda = QD ¥ [(T̄stby, 2 ¥ T̄a, stby,2) ¥ (135 °F ¥ 67.5 
°F)] UAtstby, 2 

or Qda = QD ¥ [(T̄stby, 2 ¥ T̄a, stby, 2) ¥ (57.2 °C 
¥ 19.7 °C)] UAtstby, 2 

Where: 

Qda = the adjusted daily water heating energy 
consumption, Btu (kJ). 

Qd = as defined in section 6.1.5. 
T̄stby, 2 = the mean tank temperature during 

the total standby portion, tstby, 2, of the 
24-hour test, °F (°C). 

T̄a, stby, 2 = the average ambient temperature 
during the total standby portion, tstby, 2, 
of the 24-hour test, °F (°C). 

UA = as defined in section 6.1.4. 
tstby, 2 = the number of hours during the 24- 

hour simulated test when water is not 
being withdrawn from the water heater. 

A modification is also needed to take into 
account that the temperature difference be-
tween the outlet water temperature and sup-
ply water temperature may not be equiva-
lent to the nominal value of 77 °F (135 °F–58 
°F) or 42.8 °C (57.2 °C–14.4 °C). The following 
equations adjust the experimental data to a 
nominal 77 °F (42.8 °C) temperature rise. 

The energy used to heat water, Btu/day 
(kJ/day), may be computed as: 

Q
M C T T

HW
i pi del i in i

ri

=
−( )

=
∑ , ,

η1

6

Where: 
Mi = the mass withdrawn for the ith draw (i 

= 1 to 6), lb (kg). 
Cpi = the specific heat of the water of the ith 

draw, Btu/lb÷ °F (kJ/kg÷ °C). 
T̄del, i = the average water outlet temperature 

measured during the ith draw (i=1 to 6), 
°F (°C). 

T̄in, i = the average water inlet temperature 
measured during the ith draw (i=1 to 6), 
°F (°C). 

hr = as defined in section 6.1.3. 
The energy required to heat the same 

quantity of water over a 77 °F (42.8 °C) tem-
perature rise, Btu/day (kJ/day), is: 

Q
M C F F

or Q
M C C C

HW F
i pi

ri

HW C
i pi

ri

,

, .

. .4

77
1

6

42 8
1

6

135 58

57 2 14

°
=

°
=

=
° − °( )

=
° − °( )

∑

∑

η

η
The difference between these two values is: 

QHWD = QHW, 77°
¥

F ¥QHW 
or QHWD = QHW,42.8°

¥
F ¥QHW 

which must be added to the adjusted daily 
water heating energy consumption value. 
Thus, the daily energy consumption value 
which takes into account that the tempera-
ture difference between the storage tank and 
ambient temperature may not be 67.5 °F (37.5 
°C) and that the temperature rise across the 
storage tank may not be 77 °F (42.8 °C) is: 
Qdm = Qda + QHWD 

6.1.7 Energy Factor. The energy factor, Ef, 
is computed as: 

E
M C F F

Qf
i pi

dmi

=
° − °( )

=
∑

135 58

1

6

or 

E
M C C C

Qf
i pi

dmi

=
° − °( )

=
∑

57 2 14

1

6 . .4

Where: 
Qdm = the modified daily water heating en-

ergy consumption as computed in accord-
ance with section 6.1.6, Btu (kJ). 

Mi = the mass withdrawn for the ith draw (i 
= 1 to 6), lb (kg). 

Cpi = the specific heat of the water of the ith 
draw, Btu/lb °F (kJ/kg °C). 

6.1.8 Annual Energy Consumption. The an-
nual energy consumption for storage-type 
and heat pump water heaters is computed as: 
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Eannual = 365 × Qdm 

Where: 

Qdm = the modified daily water heating en-
ergy consumption as computed in accord-
ance with section 6.1.6, Btu (kJ). 

365 = the number of days in a year. 

6.2 Instantaneous Water Heaters. 
6.2.1 Maximum GPM (L/min) Rating Computa-

tion. Compute the maximum gpm (L/min) 
rating as: 

F
M T T

F F

or F
M T T

C C

m del in

m del in

max

max . .4

=
−( )

( ) ° − °( )

=
−( )

( ) ° − °( )

10

10

10 135 58

10 57 2 14

ρ

ρ
which may be expressed as: 

F
M T T

F

or F
M T T

C

m del in

m del in

max

max .

=
−( )

( ) °( )

=
−( )

( ) °( )

10

10

10 77

10 42 8

ρ

ρ
Where: 

M10m = the mass of water collected during 
the 10-minute test, lb (kg). 

T̄del = the average delivery temperature, °F 
(°C). 

T̄in = the average inlet temperature, °F (°C). 
r = the density of water at the average deliv-

ery temperature, lb/gal (kg/L). 

If a water meter is used the maximum gpm 
(L/min) rating is computed as: 

F
V T T

F

or F
V T T

C

m del in

m del in

max

max .

=
−( )

°( )

=
−( )
°( )

10

10

10 77

10 42 8
Where: 

V10m = the volume of water measured during 
the 10-minute test, gal (L). 

T̄del = as defined in this section. 
T̄in = as defined in this section. 

6.2.2 Recovery Efficiency 
6.2.2.1 Fixed Input Instantaneous Water Heat-

ers. The recovery efficiency is computed as: 

ηr
p del in

r

M C T T

Q
=

−( )1 1 1 1, ,

Where: 

M1 = total mass removed during the first 
draw of the 24-hour simulated use test, lb 
(kg), or, if the volume of water is being 
measured, 

M1 = V1. r 

Where: 
V1 = total volume removed during the first 

draw of the 24-hour simulated use test, 
gal (L). 

r= density of the water at the water tem-
perature measured at the point where 
the flow volume is measured, lb/gal (kg/ 
L). 

Cp1 = specific heat of the withdrawn water, 
(T̄del,1 + Tin,1) / 2, Btu/lb °F (kJ/kg °C). 

T̄del, 1 = average water outlet temperature 
measured during the first draw of the 24- 
hour simulated use test, °F (°C). 

T̄in, 1 = average water inlet temperature 
measured during the first draw of the 24- 
hour simulated use test, °F (°C). 

Qr = the total energy used by the water heat-
er between cut-out prior to the first draw 
and cut-out following the first draw, in-
cluding auxiliary energy such as pilot 
lights, pumps, fans, etc., Btu (kJ). (Elec-
trical auxiliary energy shall be converted 
to thermal energy using the following 
conversion: 1 kWh = 3,412 Btu.) 

6.2.2.2 Variable Input Instantaneous Water 
Heaters. For instantaneous water heaters 
that have a variable firing rate, two recovery 
efficiency values are computed, one at the 
maximum input rate and one at the min-
imum input rate. The recovery efficiency 
used in subsequent computations is taken as 
the average of these two values. The max-
imum recovery efficiency is computed as: 

ηr
p del in

r

M C T T

Q, max
, ,

, max

=
−( )1 1 1 1

Where: 
M1 = as defined in section 6.2.2.1. 
Cp1 = as defined in section 6.2.2.1. 
T̄del, 1 = as defined in section 6.2.2.1. 
T̄in, 1 = as defined in section 6.2.2.1. 
Qr, max = the total energy used by the water 

heater between burner cut-out prior to 
the first draw and burner cut-out fol-
lowing the first draw, including auxiliary 
energy such as pilot lights, Btu (kJ). 

The minimum recovery efficiency is com-
puted as: 

ηr
p del in

r

M C T T

Q, min
, ,

, min

=
−( )4 4 4 4

Where: 
M4 = the mass withdrawn during the fourth 

draw, lb (kg), or, if the volume of water 
is being measured, 

M4 = V4 r 
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Where: 

V4 = total volume removed during the first 
draw of the 24-hour simulated use test, 
gal (L). 

r = as defined in 6.2.2.1 
Cp4 = the specific heat of water, Btu/lb °F 

(kJ/kg °C). 
T̄del, 4 = the average delivery temperature for 

the fourth draw, °F (°C). 
T̄in, 4 = the average inlet temperature for the 

fourth draw, °F (°C). 
Qr, min = the total energy consumed between 

the beginning of the fourth draw and 
burner cut-out following the fourth draw, 
including auxiliary energy such as pilot 
lights, Btu (kJ). 

The recovery efficiency is computed as: 

η
η η

r
r max r=

+, , min

2
Where: 

hr,max = as calculated above. 
hr,min = as calculated above. 

6.2.3 Daily Water Heating Energy Consump-
tion. The daily water heating energy con-
sumption, Qd, is computed as: 

Qd = Q 

Where: 

Q = the energy used by the instantaneous 
water heater during the 24-hr simulated 
use test. 

A modification is needed to take into ac-
count that the temperature difference be-
tween the outlet water temperature and sup-
ply water temperature may not be equiva-
lent to the nominal value of 77 °F (135 °F¥58 
°F) or 42.8 °C (57.2 °C¥14.4 °C). The following 
equations adjust the experimental data to a 
nominal 77 °F (42.8 °C) temperature rise. 

The energy used to heat water may be 
computed as: 

Q
M C T T

HW
i pi del i in i

ri

=
−( )

=
∑ , ,

η1

6

Where: 

Mi = the mass withdrawn during the ith 
draw, lb (kg). 

Cpi = the specific heat of water of the ith 
draw, Btu/lb °F (kJ/kg (°C). 

T̄del,i = the average delivery temperature of 
the ith draw, °F (°C). 

T̄in,i = the average inlet temperature of the 
ith draw, °F (°C). 

hr = as calculated in section 6.2.2.2. 

The energy required to heat the same 
quantity of water over a 77 °F (42.8 °C) tem-
perature rise is: 

Q
M C F F

or Q
M C C C

HW F
i pi

ri

HW C
i pi

ri

,

, .

. .

77
1

6

42 8
1

6

135 58

57 2 14 4

°
=

°
=

=
° − °( )

=
° − °( )

∑

∑

η

η
Where: 
Mi = the mass withdrawn during the ith 

draw, lb (kg). 
Cpi = the specific heat of water of the ith 

draw, Btu/lb °F (kJ/kg (°C). 
hr = as calculated above. 

The difference between these two values is: 

QHWD = QHW, 77 °F ¥ QHW 
or QHWD = QHW, 42.8 °C ¥ QHW 

which much be added to the daily water 
heating energy consumption value. Thus, the 
daily energy consumption value which takes 
into account that the temperature rise 
across the storage tank may not be 77 °F 
(42.8 °C) is: 

Qdm = Qd + QHWD 

6.2.4 Energy Factor. The energy factor, Ef, is 
computed as: 

E
M C F F

Q

or E
M C C C

Q

f
i pi

dmi

f
i pi

dmi

=
° − °( )

=
° − °( )

=

=

∑

∑

135 58

57 2 14
1

6

1

6 . .4

Where: 
Qdm = the daily water heating energy con-

sumption as computed in accordance 
with section 6.2.3, Btu (kJ). 

Mi = the mass associated with the ith draw, 
lb (kg). 

Cpi = the specific heat of water computed at 
a temperature of (58 °F + 135 °F) / 2, Btu/ 
lb °F [(14.4 °C + 57.2 °C) / 2, kJ/kg °C]. 

6.2.5 Annual Energy Consumption. The an-
nual energy consumption for instantaneous 
type water heaters is computed as: 

Eannual = 365 × Qdm 

Where: 
Qdm = the modified daily energy consump-

tion, Btu/day (kJ/day). 
365 = the number of days in a year. 

7. Ratings for Untested Models 

In order to relieve the test burden on man-
ufacturers who offer water heaters which dif-
fer only in fuel type or power input, ratings 
for untested models may be established in 
accordance with the following procedures. In 
lieu of the following procedures a manufac-
turer may elect to test the unit for which a 
rating is sought. 
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7.1 Gas Water Heaters. Ratings obtained for 
gas water heaters using natural gas can be 
used for an identical water heater which uti-
lizes propane gas if the input ratings are 
within ±10%. 

7.2 Electric Water Heaters 
7.2.1 First-Hour Rating. If an electric stor-

age-type water heater is available with more 
than one input rating, the manufacturer 
shall designate the standard input rating, 
and the water heater need only be tested 
with heating elements at the designated 
standard input ratings. The first-hour rat-
ings for units having power input rating less 
than the designated standard input rating 
shall be assigned a first-hour rating equiva-
lent to the first draw of the first-hour rating 
for the electric water heater with the stand-
ard input rating. For units having power in-
puts greater than the designated standard 
input rating, the first-hour rating shall be 
equivalent to that measured for the water 
heater with the standard input rating. 

7.2.2 Energy Factor. The energy factor for 
identical electric storage-type water heaters, 
with the exception of heating element watt-
age, may use the energy factor obtained dur-
ing testing of the water heater with the des-
ignated standard input rating. 

[63 FR 26008, May 11, 1998; 63 FR 38738, July 
20, 1998, as amended at 66 FR 4497, Jan. 17, 
2001] 

EFFECTIVE DATE NOTE: At 79 FR 40567, July 
11, 2014, appendix E to subpart B of part 430 
was revised, effective July 13, 2015. For the 
convenience of the user, the revised text is 
set forth as follows: 

APPENDIX E TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF WATER HEATERS 

NOTE: After December 31, 2015, any rep-
resentations made with respect to the energy 
use or efficiency of residential water heaters 
and commercial water heaters covered by 
this test method must be made in accordance 
with the results of testing pursuant to this 
appendix. (Because the statute permits use 
of a conversion factor until the later of De-
cember 31, 2015 or one year after publication 
of a conversion factor final rule, DOE may 
amend the mandatory compliance date for 
use of this amended test procedure, as nec-
essary.) 

Manufacturers conducting tests of residen-
tial water heaters and commercial water 
heaters covered by this test method after 
July 13, 2015, and prior to December 31, 2015, 
must conduct such test in accordance with 
either this appendix or the previous test 
method. For residential water heaters, the 
previous test method is appendix E as it ap-
peared at 10 CFR part 430, subpart B, appen-
dix E, in the 10 CFR parts 200 to 499 edition 

revised as of January 1, 2014. For commercial 
water heaters, the previous test method is 10 
CFR 431.106 in the 10 CFR parts 200 to 499 edi-
tion revised as of January 1, 2014. Any rep-
resentations made with respect to the energy 
use or efficiency of such water heaters must 
be in accordance with whichever version is 
selected. 

1. DEFINITIONS. 

1.1. Cut-in means the time when or water 
temperature at which a water heater control 
or thermostat acts to increase the energy or 
fuel input to the heating elements, com-
pressor, or burner. 

1.2. Cut-out means the time when or water 
temperature at which a water heater control 
or thermostat acts to reduce to a minimum 
the energy or fuel input to the heating ele-
ments, compressor, or burner. 

1.3. Design Power Rating means the nominal 
power rating that a water heater manufac-
turer assigns to a particular design of water 
heater, expressed in kilowatts or Btu (kJ) 
per hour as appropriate. 

1.4. Draw Cluster means a collection of 
water draws initiated during the simulated- 
use test during which no successive draws 
are separated by more than 2 hours. 

1.5. First-Hour Rating means an estimate of 
the maximum volume of ‘‘hot’’ water that a 
storage-type water heater can supply within 
an hour that begins with the water heater 
fully heated (i.e., with all thermostats satis-
fied). It is a function of both the storage vol-
ume and the recovery rate. 

1.6. Flow-activated describes an operational 
scheme in which a water heater initiates and 
terminates heating based on sensing flow. 

1.7. Heat Trap means a device that can be 
integrally connected or independently at-
tached to the hot and/or cold water pipe con-
nections of a water heater such that the de-
vice will develop a thermal or mechanical 
seal to minimize the recirculation of water 
due to thermal convection between the water 
heater tank and its connecting pipes. 

1.8. Maximum GPM (L/min) Rating means 
the maximum gallons per minute (liters per 
minute) of hot water that can be supplied by 
an instantaneous water heater while main-
taining a nominal temperature rise of 67 °F 
(37.3 °C) during steady-state operation, as de-
termined by testing in accordance with sec-
tion 5.3.2 of this appendix. 

1.9. Rated Storage Volume means the water 
storage capacity of a water heater, in gallons 
(liters), as certified by the manufacturer 
pursuant to 10 CFR part 429. 

1.10. Recovery Efficiency means the ratio of 
energy delivered to the water to the energy 
content of the fuel consumed by the water 
heater. 

1.11. Recovery Period means the time when 
the main burner of a storage water heater is 
raising the temperature of the stored water. 
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1.12. Standby means the time, in hours, dur-
ing which water is not being withdrawn from 
the water heater. There are two standby 
time intervals used within this test proce-
dure: tstby,1 represents the elapsed time be-
tween the time at which the maximum mean 
tank temperature is observed after the first 
draw cluster and the minute prior to the 
start of the first draw following the end of 
the first draw cluster of the 24-hour simu-
lated-use test; tstby,2 represents the total time 
during the 24-hour simulated-use test when 
water is not being withdrawn from the water 
heater. 

1.13. Symbol Usage. The following identity 
relationships are provided to help clarify the 
symbology used throughout this procedure: 

Cp—specific heat of water 
Eannual—annual energy consumption of a 

water heater 
Eannual,e—annual electrical energy consump-

tion of a water heater 
Eannual,f—annual fossil-fuel energy consump-

tion of a water heater 
Fhr—first-hour rating of a storage-type water 

heater 
Fmax—maximum GPM (L/min) rating of an in-

stantaneous water heater rated at a tem-
perature rise of 67 °F (37.3 °C) 

i—a subscript to indicate the draw number 
during a test 

Mi—mass of water removed during the ith 
draw of the 24-hour simulated-use test 

M*i—for storage-type water heaters, mass of 
water removed during the ith draw dur-
ing the first-hour rating test 

M10m—for instantaneous water heaters, mass 
of water removed continuously during a 
10-minute interval in the maximum GPM 
(L/min) rating test 

n—for storage-type water heaters, total 
number of draws during the first-hour 
rating test 

N—total number of draws during the 24-hour 
simulated-use test 

Q—total fossil fuel and/or electric energy 
consumed during the entire 24-hour sim-
ulated-use test 

Qd—daily water heating energy consumption 
adjusted for net change in internal en-
ergy 

Qda—Qd with adjustment for variation of 
tank to ambient air temperature dif-
ference from nominal value 

Qdm—overall adjusted daily water heating en-
ergy consumption including Qda and QHWD 

Qe—total electrical energy used during the 
24-hour simulated-use test 

Qf—total fossil fuel energy used by the water 
heater during the 24-hour simulated-use 
test 

Qhr—hourly standby losses 
QHW—daily energy consumption to heat 

water at the measured average tempera-
ture rise across the water heater 

QHW,67 °F—daily energy consumption to heat 
quantity of water removed during test 
over a temperature rise of 67 °F (37.3 °C) 

QHWD—adjustment to daily energy consump-
tion, QHW, due to variation of the tem-
perature rise across the water heater not 
equal to the nominal value of 67 °F 

Qr—energy consumption of water heater 
from the beginning of the test to the end 
of the first recovery period following the 
first draw, which may extend beyond 
subsequent draws 

Qstby—total energy consumed by the water 
heater during the standby time interval 
tstby,1 

Qsu,0—total fossil fuel and/or electric energy 
consumed from the beginning of the test 
to the end of the cutout following the 
first draw cluster 

Qsu,f—total fossil fuel and/or electric energy 
consumed from the beginning of the test 
to the initiation of the first draw fol-
lowing the first draw cluster 

T̄0—mean tank temperature at the beginning 
of the 24-hour simulated-use test 

T̄24—mean tank temperature at the end of 
the 24-hour simulated-use test 

T̄a,stby—average ambient air temperature dur-
ing standby periods of the 24-hour simu-
lated-use test 

T̄del—for flow-activated water heaters, aver-
age outlet water temperature during a 
10-minute continuous draw interval in 
the maximum GPM (L/min) rating test 

T̄del,i—average outlet water temperature dur-
ing the ith draw of the 24-hour simu-
lated-use test 

T̄in—for flow-activated water heaters, aver-
age inlet water temperature during a 10- 
minute continuous draw interval in the 
maximum GPM (L/min) rating test 

T̄in,i—average inlet water temperature during 
the ith draw of the 24-hour simulated-use 
test 

T̄max,1—maximum measured mean tank tem-
perature after cut-out following the first 
draw of the 24-hour simulated-use test 

T̄su,0—maximum measured mean tank tem-
perature at the beginning of the standby 
period which occurs after cut-out fol-
lowing the final draw of the first draw 
cluster 

T̄su,f—measured mean tank temperature at 
the end of the standby period which oc-
curs at the minute prior to commence-
ment of the first draw that follows the 
end of the first draw cluster 

T̄*del,i—for storage-type water heaters, aver-
age outlet water temperature during the 
ith draw (i = 1 to n) of the first-hour rat-
ing test 

T̄*max,i—for storage-type water heaters, max-
imum outlet water temperature observed 
during the ith draw (i = 1 to n) of the 
first-hour rating test 
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T̄*min,i—for storage-type water heaters, min-
imum outlet water temperature to ter-
minate the ith draw (i = 1 to n) of the 
first-hour rating test 

UA—standby loss coefficient of a storage- 
type water heater 

UEF—uniform energy factor of a water heat-
er 

Vi—volume of water removed during the ith 
draw (i = 1 to N) of the 24-hour simu-
lated-use test 

V*i—volume of water removed during the ith 
draw (i = 1 to n) of the first-hour rating 
test 

V10m—for flow-activated water heaters, vol-
ume of water removed continuously dur-
ing a 10-minute interval in the maximum 
GPM (L/min) rating test 

Vst—measured storage volume of the storage 
tank 

Wf—weight of storage tank when completely 
filled with water 

Wt—tare weight of storage tank when com-
pletely empty of water 

hr—recovery efficiency 
r—density of water 
tstby,1—elapsed time between the time the 

maximum mean tank temperature is ob-
served after the first draw cluster and 
the minute prior to the start of the first 
draw following the first draw cluster 

tstby,2—overall time of standby periods when 
no water is withdrawn during the 24-hour 
simulated-use test 

1.14. Temperature controller means a device 
that is available to the user to adjust the 
temperature of the water inside a storage- 
type water heater or the outlet water tem-
perature. 

1.15. Uniform Energy Factor means the 
measure of water heater overall efficiency. 

2. TEST CONDITIONS. 

2.1 Installation Requirements. Tests shall 
be performed with the water heater and in-
strumentation installed in accordance with 
section 4 of this appendix. 

2.2 Ambient Air Temperature. The ambient 
air temperature shall be maintained between 
65.0 °F and 70.0 °F (18.3 °C and 21.1 °C) on a 
continuous basis. For heat pump water heat-
ers, the dry bulb temperature shall be main-
tained at 67.5 °F ± 1 °F (19.7 °C ± 0.6 °C) and 
the relative humidity shall be maintained at 
50% ± 2% throughout the test. 

2.3 Supply Water Temperature. The tem-
perature of the water being supplied to the 

water heater shall be maintained at 58 °F ± 
2 °F (14.4 °C ± 1.1 °C) throughout the test. 

2.4 Outlet Water Temperature. The tem-
perature controllers of a storage-type water 
heater shall be set so that water is delivered 
at a temperature of 125 °F ± 5 °F (51.7 °C ± 
2.8 °C). 

2.5 Set Point Temperature. The tempera-
ture controller of instantaneous water heat-
ers shall be set to deliver water at a tem-
perature of 125 °F ± 5 °F (51.7 °C ± 2.8 °C). 

2.6 Supply Water Pressure. During the test 
when water is not being withdrawn, the sup-
ply pressure shall be maintained between 40 
psig (275 kPa) and the maximum allowable 
pressure specified by the water heater manu-
facturer. 

2.7 Electrical and/or Fossil Fuel Supply. 
2.7.1 Electrical. Maintain the electrical 

supply voltage to within ±1% of the center of 
the voltage range specified by the water 
heater and/or heat pump manufacturer. 

2.7.2 Natural Gas. Maintain the supply 
pressure in accordance with the manufactur-
er’s specifications. If the supply pressure is 
not specified, maintain a supply pressure of 
7–10 inches of water column (1.7–2.5 kPa). If 
the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator 
outlet pressure shall be within ± 10% of the 
manufacturer’s specified manifold pressure. 
For all tests, use natural gas having a heat-
ing value of approximately 1,025 Btu per 
standard cubic foot (38,190 kJ per standard 
cubic meter). 

2.7.3 Propane Gas. Maintain the supply 
pressure in accordance with the manufactur-
er’s specifications. If the supply pressure is 
not specified, maintain a supply pressure of 
11–13 inches of water column (2.7–3.2 kPa). If 
the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator 
outlet pressure shall be within ± 10% of the 
manufacturer’s specified manifold pressure. 
For all tests, use propane gas with a heating 
value of approximately 2,500 Btu per stand-
ard cubic foot (93,147 kJ per standard cubic 
meter). 

2.7.4 Fuel Oil Supply. Maintain an uninter-
rupted supply of fuel oil. Use fuel oil having 
a heating value of approximately 138,700 Btu 
per gallon (38,660 kJ per liter). 

3. INSTRUMENTATION 

3.1 Pressure Measurements. Pressure-meas-
uring instruments shall have an error no 
greater than the following values: 

Item measured Instrument accuracy Instrument precision 

Gas pressure ............................................ ±0.1 inch of water column (±0.025 kPa) ±0.05 inch of water column (±0.012 kPa). 
Atmospheric pressure .............................. ±0.1 inch of mercury column (±0.34 kPa) ±0.05 inch of mercury column (±0.17 

kPa). 
Water pressure ......................................... ±1.0 pounds per square inch (±6.9 kPa) ±0.50 pounds per square inch (±3.45 

kPa). 
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3.2 Temperature Measurement 
3.2.1 Measurement. Temperature measure-

ments shall be made in accordance with the 
Standard Method for Temperature Measure-
ment, ASHRAE 41.1–1986 (incorporated by 
reference, see § 430.3). 

3.2.2 Accuracy and Precision. The accuracy 
and precision of the instruments, including 
their associated readout devices, shall be 
within the following limits: 

Item measured Instrument accuracy Instrument precision 

Air dry bulb temperature .......................... ±0.2 °F (±0.1 °C) ..................................... ±0.1 °F (±0.06 °C). 
Air wet bulb temperature .......................... ±0.2 °F (±0.1 °C) ..................................... ±0.1 °F (±0.06 °C). 
Inlet and outlet water temperatures ......... ±0.2 °F (±0.1 °C) ...................................... ±0.1 °F (±0.06 °C). 
Storage tank temperatures ....................... ±0.5 °F (±0.3 °C) ..................................... ±0.25 °F (±0.14 °C). 

3.2.3 Scale Division. In no case shall the 
smallest scale division of the instrument or 
instrument system exceed 2 times the speci-
fied precision. 

3.2.4 Temperature Difference Temperature 
difference between the entering and leaving 
water may be measured with any of the fol-
lowing: 
a. A thermopile 
b. Calibrated resistance thermometers 
c. Precision thermometers 
d. Calibrated thermistors 
e. Calibrated thermocouples 
f. Quartz thermometers 

3.2.5 Thermopile Construction. If a thermo-
pile is used, it shall be made from calibrated 
thermocouple wire taken from a single spool. 
Extension wires to the recording device shall 
also be made from that same spool. 

3.2.6 Time Constant. The time constant of 
the instruments used to measure the inlet 
and outlet water temperatures shall be no 
greater than 2 seconds. 

3.3 Liquid Flow Rate Measurement. The ac-
curacy of the liquid flow rate measurement, 
using the calibration if furnished, shall be 
equal to or less than ±1% of the measured 
value in mass units per unit time. 

3.4 Electrical Energy. The electrical energy 
used shall be measured with an instrument 
and associated readout device that is accu-
rate within ±0.5% of the reading. 

3.5 Fossil Fuels. The quantity of fuel used 
by the water heater shall be measured with 
an instrument and associated readout device 
that is accurate within ±1% of the reading. 

3.6 Mass Measurements. For mass measure-
ments greater than or equal to 10 pounds (4.5 
kg), a scale that is accurate within ±0.5% of 
the reading shall be used to make the meas-
urement. For mass measurements less than 
10 pounds (4.5 kg), the scale shall provide a 
measurement that is accurate within ±0.1 
pound (0.045 kg). 

3.7 Heating Value. The higher heating 
value of the natural gas, propane, or fuel oil 
shall be measured with an instrument and 
associated readout device that is accurate 
within ±1% of the reading. The heating val-
ues of natural gas and propane must be cor-
rected from those reported at standard tem-
perature and pressure conditions to provide 

the heating value at the temperature and 
pressure measured at the fuel meter. 

3.8 Time. The elapsed time measurements 
shall be measured with an instrument that is 
accurate within ±0.5 seconds per hour. 

3.9 Volume. Volume measurements shall 
be measured with an accuracy of ±2% of the 
total volume. 

3.10 Relative Humidity. If a relative humid-
ity (RH) transducer is used to measure the 
relative humidity of the surrounding air 
while testing heat pump water heaters, the 
relative humidity shall be measured with an 
accuracy of ±1.5% RH. 

4. INSTALLATION 

4.1 Water Heater Mounting. A water heater 
designed to be freestanding shall be placed 
on a 3⁄4 inch (2 cm) thick plywood platform 
supported by three 2 x 4 inch (5 cm x 10 cm) 
runners. If the water heater is not approved 
for installation on combustible flooring, 
suitable non-combustible material shall be 
placed between the water heater and the 
platform. Counter-top water heaters shall be 
placed against a simulated wall section. 
Wall-mounted water heaters shall be sup-
ported on a simulated wall in accordance 
with the manufacturer-published installa-
tion instructions. When a simulated wall is 
used, the construction shall be 2 x 4 inch (5 
cm x 10 cm) studs, faced with 3⁄4 inch (2 cm) 
plywood. For heat pump water heaters not 
delivered as a single package, the units shall 
be connected in accordance with the manu-
facturer-published installation instructions 
and the overall system shall be placed on the 
above-described plywood platform. If instal-
lation instructions are not provided by the 
heat pump manufacturer, uninsulated 8 foot 
(2.4 m) long connecting hoses having an in-
side diameter of 5/8 inch (1.6 cm) shall be 
used to connect the storage tank and the 
heat pump water heater. The testing of the 
water heater shall occur in an area that is 
protected from drafts of more than 50 ft/min 
(0.25 m/s) from room ventilation registers, 
windows, or other external sources of air 
movement. 

4.2 Water Supply. Connect the water heat-
er to a water supply capable of delivering 
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water at conditions as specified in sections 
2.3 and 2.6 of this appendix. 

4.3 Water Inlet and Outlet Configuration. 
For freestanding water heaters that are tall-
er than 36 inches (91.4 cm), inlet and outlet 
piping connections shall be configured in a 
manner consistent with Figures 1 and 2 of 
section 6.4.6 of this appendix. Inlet and out-
let piping connections for wall-mounted 
water heaters shall be consistent with Fig-
ure 3 of section 6.4.6 of this appendix. For 
freestanding water heaters that are 36 inches 
or less in height and not supplied as part of 
a counter-top enclosure (commonly referred 
to as an under-the-counter model), inlet and 
outlet piping shall be installed in a manner 
consistent with Figures 4, 5, or 6 of section 
6.4.6 of this appendix. For water heaters that 
are supplied with a counter-top enclosure, 
inlet and outlet piping shall be made in a 
manner consistent with Figures 7a and 7b of 
section 6.4.6 of this appendix, respectively. 
The vertical piping noted in Figures 7a and 
7b shall be located (whether inside the enclo-
sure or along the outside in a recessed chan-
nel) in accordance with the manufacturer- 
published installation instructions. 

All dimensions noted in Figures 1 through 
7 of section 6.4.6 of this appendix must be 
achieved. All piping between the water heat-
er and inlet and outlet temperature sensors, 
noted as TIN and TOUT in the figures, shall be 
Type ‘‘L’’ hard copper having the same di-
ameter as the connections on the water heat-
er. Unions may be used to facilitate installa-
tion and removal of the piping arrange-
ments. Install a pressure gauge and dia-
phragm expansion tank in the supply water 
piping at a location upstream of the inlet 
temperature sensor. Install an appropriately 
rated pressure and temperature relief valve 
on all water heaters at the port specified by 
the manufacturer. Discharge piping for the 
relief valve must be non-metallic. If heat 
traps, piping insulation, or pressure relief 
valve insulation are supplied with the water 
heater, they must be installed for testing. 
Except when using a simulated wall, provide 
sufficient clearance such that none of the 
piping contacts other surfaces in the test 
room. 

4.4 Fuel and/or Electrical Power and Energy 
Consumption. Install one or more instru-
ments that measure, as appropriate, the 
quantity and rate of electrical energy and/or 
fossil fuel consumption in accordance with 
section 3 of this appendix. 

4.5 Internal Storage Tank Temperature 
Measurements. For water heaters with rated 
storage volumes greater than or equal to 20 
gallons, install six temperature measure-
ment sensors inside the water heater tank 
with a vertical distance of at least 4 inches 
(100 mm) between successive sensors. For 
water heaters with rated storage volumes be-
tween 2 and 20 gallons, install three tempera-
ture measurement sensors inside the water 

heater tank. Position a temperature sensor 
at the vertical midpoint of each of the six 
equal volume nodes within a tank larger 
than 20 gallons or the three equal volume 
nodes within a tank between 2 and 20 gallons. 
Nodes designate the equal volumes used to 
evenly partition the total volume of the 
tank. As much as is possible, the tempera-
ture sensor should be positioned away from 
any heating elements, anodic protective de-
vices, tank walls, and flue pipe walls. If the 
tank cannot accommodate six temperature 
sensors and meet the installation require-
ments specified above, install the maximum 
number of sensors that comply with the in-
stallation requirements. Install the tempera-
ture sensors through: (1) The anodic device 
opening; (2) the relief valve opening; or (3) 
the hot water outlet. If installed through the 
relief valve opening or the hot water outlet, 
a tee fitting or outlet piping, as applicable, 
must be installed as close as possible to its 
original location. If the relief valve tempera-
ture sensor is relocated, and it no longer ex-
tends into the top of the tank, install a sub-
stitute relief valve that has a sensing ele-
ment that can reach into the tank. If the hot 
water outlet includes a heat trap, install the 
heat trap on top of the tee fitting. Cover any 
added fittings with thermal insulation hav-
ing an R value between 4 and 8 h·ft2· °F/Btu 
(0.7 and 1.4 m2· °C/W). 

4.6 Ambient Air Temperature Measurement. 
Install an ambient air temperature sensor at 
the vertical mid-point of the water heater 
and approximately 2 feet (610 mm) from the 
surface of the water heater. Shield the sen-
sor against radiation. 

4.7 Inlet and Outlet Water Temperature 
Measurements. Install temperature sensors in 
the cold-water inlet pipe and hot-water out-
let pipe as shown in Figures 1, 2, 3, 4, 5, 6, 7a, 
and 7b of section 6.4.6 of this appendix, as ap-
plicable. 

4.8 Flow Control. Install a valve or valves 
to provide flow as specified in sections 5.3 
and 5.4 of this appendix. 

4.9 Flue Requirements. 
4.9.1 Gas-Fired Water Heaters. Establish a 

natural draft in the following manner. For 
gas-fired water heaters with a vertically dis-
charging draft hood outlet, connect to the 
draft hood outlet a 5-foot (1.5-meter) vertical 
vent pipe extension with a diameter equal to 
the largest flue collar size of the draft hood. 
For gas-fired water heaters with a hori-
zontally discharging draft hood outlet, con-
nect to the draft hood outlet a 90-degree 
elbow with a diameter equal to the largest 
flue collar size of the draft hood, connect a 5- 
foot (1.5-meter) length of vent pipe to that 
elbow, and orient the vent pipe to discharge 
vertically upward. Install direct-vent gas- 
fired water heaters with venting equipment 
specified in the manufacturer’s instructions 
using the minimum vertical and horizontal 
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lengths of vent pipe recommended by the 
manufacturer. 

4.9.2 Oil-Fired Water Heaters. Establish a 
draft at the flue collar at the value specified 
in the manufacturer’s instructions. Establish 
the draft by using a sufficient length of vent 
pipe connected to the water heater flue out-
let, and directed vertically upward. For an 
oil-fired water heater with a horizontally 
discharging draft hood outlet, connect to the 
draft hood outlet a 90-degree elbow with a di-
ameter equal to the largest flue collar size of 
the draft hood, connect to the elbow fitting 
a length of vent pipe sufficient to establish 
the draft, and orient the vent pipe to dis-
charge vertically upward. Direct-vent oil- 
fired water heaters should be installed with 
venting equipment as specified in the manu-
facturer’s instructions, using the minimum 
vertical and horizontal lengths of vent pipe 
recommended by the manufacturer. 

5. TEST PROCEDURES 

5.1 Operational Mode Selection. For water 
heaters that allow for multiple user-selected 
operational modes, all procedures specified 
in this appendix shall be carried out with the 
water heater in the same operational mode 
(i.e., only one mode). This operational mode 
shall be the default mode (or similarly- 
named, suggested mode for normal oper-
ation) as defined by the manufacturer in its 
product literature for giving selection guid-
ance to the consumer. For heat pump water 
heaters, if a default mode is not defined in 
the product literature, each test shall be 
conducted under an operational mode in 
which both the heat pump and any electric 
resistance backup heating element(s) are ac-
tivated by the unit’s control scheme, and 
which can achieve the internal storage tank 
temperature specified in this test procedure; 
if multiple operational modes meet these cri-
teria, the water heater shall be tested under 
the most energy-intensive mode. If no de-
fault mode is specified and the unit does not 
offer an operational mode that utilizes both 
the heat pump and the electric resistance 
backup heating element(s), the first-hour 
rating test and the simulated-use test shall 
be tested in heat-pump-only mode. For other 
types of water heaters where a default mode 
is not specified, test the unit in all modes 
and rate the unit using the results of the 
most energy-intensive mode. 

5.2 Water Heater Preparation. 
5.2.1 Determination of Storage Tank Volume. 

For water heaters with a rated storage vol-
ume greater than or equal to 2 gallons, de-
termine the storage capacity, Vst, of the 
water heater under test, in gallons (liters), 
by subtracting the tare weight—measured 
while the tank is empty—from the gross 
weight of the storage tank when completely 
filled with water (with all air eliminated and 
line pressure applied as described in section 
2.5 of this appendix) and dividing the result-

ing net weight by the density of water at the 
measured temperature. 

5.2.2 Setting the Outlet Discharge Tempera-
ture. 

5.2.2.1 Flow-Activated Water Heaters, in-
cluding certain instantaneous water heaters 
and certain storage-type water heaters. Initiate 
normal operation of the water heater at the 
full input rating for electric water heaters 
and at the maximum firing rate specified by 
the manufacturer for gas or oil water heat-
ers. Monitor the discharge water tempera-
ture and set to a value of 125 °F ± 5 °F (51.7 
°C ± 2.8 °C) in accordance with the manufac-
turer’s instructions. If the water heater is 
not capable of providing this discharge tem-
perature when the flow rate is 1.7 gallons ± 
0.25 gallons per minute (6.4 liters ± 0.95 liters 
per minute), then adjust the flow rate as nec-
essary to achieve the specified discharge 
water temperature. Once the proper tem-
perature control setting is achieved, the set-
ting must remain fixed for the duration of 
the maximum GPM test and the simulated- 
use test. 

5.2.2.2 Storage-Type Water Heaters that Are 
Not Flow-Activated. 

5.2.2.2.1 Tanks with a Single Temperature 
Controller. 

5.2.2.2.1.1 Water Heaters with Rated Volumes 
Less than 20 Gallons. Starting with a tank at 
the supply water temperature, initiate nor-
mal operation of the water heater. After cut- 
out, initiate a draw from the water heater at 
a flow rate of 1.0 gallon ± 0.25 gallons per 
minute (3.8 liters ± 0.95 liters per minute) for 
2 minutes. Starting 15 seconds after com-
mencement of draw, record the outlet tem-
perature at 15-second intervals until the end 
of the 2-minute period. Determine whether 
the maximum outlet temperature is within 
the range of 125 °F ± 5 °F (51.7 °C ± 2.8 °C). 
If not, turn off the water heater, adjust the 
temperature controller, and then drain and 
refill the tank with supply water. Then, once 
again, initiate normal operation of the water 
heater, and repeat the 2-minute outlet tem-
perature test following cut-out. Repeat this 
sequence until the maximum outlet tem-
perature during the 2-minute test is within 
125 °F ± 5 °F (51.7 °C ± 2.8 °C). Once the prop-
er temperature control setting is achieved, 
the setting must remain fixed for the dura-
tion of the first-hour rating test and the sim-
ulated-use test such that a second identical 
simulated-use test run immediately fol-
lowing the one specified in section 5.4 would 
result in average delivered water tempera-
tures that are within the bounds specified in 
section 2.4 of this appendix. 

5.2.2.2.1.2 Water Heaters with Rated Volumes 
Greater than or Equal to 20 Gallons. Starting 
with a tank at the supply water tempera-
ture, initiate normal operation of the water 
heater. After cut-out, initiate a draw from 
the water heater at a flow rate of 1.7 gallons 
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± 0.25 gallons per minute (6.4 liters ± 0.95 li-
ters per minute) for 5 minutes. Starting 15 
seconds after commencement of draw, record 
the outlet temperature at 15-second intervals 
until the end of the 5-minute period. Deter-
mine whether the maximum outlet tempera-
ture is within the range of 125 °F ± 5 °F (51.7 
°C ± 2.8 °C). If not, turn off the water heater, 
adjust the temperature controller, and then 
drain and refill the tank with supply water. 
Then, once again, initiate normal operation 
of the water heater, and repeat the 5-minute 
outlet temperature test following cut-out. 
Repeat this sequence until the maximum 
outlet temperature during the 5-minute test 
is within of 125 °F ± 5 °F (51.7 °C ± 2.8 °C). 
Once the proper temperature control setting 
is achieved, the setting must remain fixed 
for the duration of the first-hour rating test 
and the simulated-use test such that a sec-
ond identical simulated-use test run imme-
diately following the one specified in section 
5.4 would result in average delivered water 
temperatures that are within the bounds 
specified in section 2.4 of this appendix. 

5.2.2.2.2 Tanks with Two or More Tempera-
ture Controllers. Verify the temperature con-
troller set-point while removing water in ac-
cordance with the procedure set forth for the 
first-hour rating test in section 5.3.3 of this 
appendix. The following criteria must be met 
to ensure that all temperature controllers 
are set to deliver water at 125 °F ± 5 °F (51.7 
°C ± 2.8 °C): 

(a) At least 50 percent of the water drawn 
during the first draw of the first-hour rating 
test procedure shall be delivered at a tem-
perature of 125 °F ± 5 °F (51.7 °C ± 2.8 °C). 

(b) No water is delivered above 130 °F (54.4 
°C) during first-hour rating test. 

(c) The delivery temperature measured 15 
seconds after commencement of each draw 
begun prior to an elapsed time of 60 minutes 
from the start of the test shall be at 125 °F 
± 5 °F (51.7 °C ± 2.8 °C). 

If these conditions are not met, turn off 
the water heater, adjust the temperature 
controllers, and then drain and refill the 
tank with supply water. Repeat the proce-
dure described at the start of section 5.2.2.2.2 
until the criteria for setting the temperature 
controllers is met. 

If the conditions stated above are met, the 
data obtained during the process of verifying 
the temperature control set-points may be 
used in determining the first-hour rating 
provided that all other conditions and meth-
ods required in sections 2 and 5.2.4 in pre-
paring the water heater were followed. 

5.2.3 Power Input Determination. For all 
water heaters except electric types, initiate 
normal operation (as described in section 5.1) 
and determine the power input, P, to the 
main burners (including pilot light power, if 
any) after 15 minutes of operation. If the 
water heater is equipped with a gas appli-
ance pressure regulator, the regulator outlet 

pressure shall be set within ±10% of that rec-
ommended by the manufacturer. For oil- 
fired water heaters, the fuel pump pressure 
shall be within ±10% of the manufacturer’s 
specified pump pressure. Adjust all burners 
to achieve an hourly Btu (kJ) rating that is 
within ±2% of the value specified by the 
manufacturer. For an oil-fired water heater, 
adjust the burner to give a CO2 reading rec-
ommended by the manufacturer and an hour-
ly Btu (kJ) rating that is within ±2% of that 
specified by the manufacturer. Smoke in the 
flue may not exceed No. 1 smoke as meas-
ured by the procedure in ASTM D2156 (incor-
porated by reference, see § 430.3). 

5.2.4 Soak-In Period for Water Heaters with 
Rated Storage Volumes Greater than or Equal to 
2 Gallons. For storage-type water heaters and 
instantaneous water heaters having greater 
than 2 gallons (7.6 liters) of storage (includ-
ing heat pump water heaters having greater 
than 2 gallons of storage), the water heater 
must sit filled with water and without any 
draws taking place for at least 12 hours after 
initially being energized so as to achieve the 
nominal temperature set-point within the 
tank and with the unit connected to a power 
source. 

5.3 Delivery Capacity Tests. 
5.3.1 General. For flow-activated water 

heaters, conduct the maximum GPM test, as 
described in section 5.3.2, Maximum GPM Rat-
ing Test for Flow-Activated Water Heaters, of 
this appendix. For all other water heaters, 
conduct the first-hour rating test as de-
scribed in section 5.3.3 of this appendix. 

5.3.2 Maximum GPM Rating Test for Flow- 
Activated Water Heaters. Establish normal 
water heater operation at the full input rate 
for electric water heaters and at the max-
imum firing rate for gas or oil water heaters 
with the discharge water temperature set in 
accordance with section 5.2.2.1 of this appen-
dix. 

For this 10-minute test, either collect the 
withdrawn water for later measurement of 
the total mass removed or use a water meter 
to directly measure the water volume re-
moved. Initiate water flow through the 
water heater and record the inlet and outlet 
water temperatures beginning 15 seconds 
after the start of the test and at subsequent 
5-second intervals throughout the duration 
of the test. At the end of 10 minutes, turn off 
the water. Determine and record the mass of 
water collected, M10m, in pounds (kilograms), 
or the volume of water, V10m, in gallons (li-
ters). 

5.3.3 First-Hour Rating Test. 
5.3.3.1 General. During hot water draws for 

water heaters with rated storage volumes 
greater than or equal to 20 gallons, remove 
water at a rate of 3.0 ± 0.25 gallons per 
minute (11.4 ± 0.95 liters per minute). During 
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hot water draws for storage-type water heat-
ers with rated storage volumes below 20 gal-
lons, remove water at a rate of 1.0 ± 0.25 gal-
lon per minute (3.8 ± 0.95 liters per minute). 
Collect the water in a container that is large 
enough to hold the volume removed during 
an individual draw and is suitable for weigh-
ing at the termination of each draw to deter-
mine the total volume of water withdrawn. 
As an alternative to collecting the water, a 
water meter may be used to directly measure 
the water volume(s) withdrawn. 

5.3.3.2 Draw Initiation Criteria. Begin the 
first-hour rating test by starting a draw on 
the storage-type water heater. After comple-
tion of this first draw, initiate successive 
draws based on the following criteria. For 
gas-fired and oil-fired water heaters, initiate 
successive draws when the temperature con-
troller acts to reduce the supply of fuel to 
the main burner. For electric water heaters 
having a single element or multiple elements 
that all operate simultaneously, initiate suc-
cessive draws when the temperature con-
troller acts to reduce the electrical input 
supplied to the element(s). For electric 
water heaters having two or more elements 
that do not operate simultaneously, initiate 
successive draws when the applicable tem-
perature controller acts to reduce the elec-
trical input to the energized element located 
vertically highest in the storage tank. For 
heat pump water heaters that do not use sup-
plemental, resistive heating, initiate succes-
sive draws immediately after the electrical 
input to the compressor is reduced by the ac-
tion of the water heater’s temperature con-
troller. For heat pump water heaters that 
use supplemental resistive heating, initiate 
successive draws immediately after the elec-
trical input to the first of either the com-
pressor or the vertically highest resistive 
element is reduced by the action of the appli-
cable water heater temperature controller. 
This draw initiation criterion for heat pump 
water heaters that use supplemental resis-
tive heating, however, shall only apply when 
the water located above the thermostat at 
cut-out is heated to 125 °F ± 5 °F (51.7 °C ± 
2.8 °C). If this criterion is not met, then the 
next draw should be initiated once the heat 
pump compressor cuts out. 

5.3.3.3 Test Sequence. Establish normal 
water heater operation. If the water heater 
is not presently operating, initiate a draw. 
The draw may be terminated any time after 
cut-in occurs. After cut-out occurs (i.e., all 
temperature controllers are satisfied), record 
the internal storage tank temperature at 
each sensor described in section 4.5 of this 
appendix every one minute, and determine 
the mean tank temperature by averaging the 
values from these sensors. 

Initiate a draw after a maximum mean 
tank temperature (the maximum of the 
mean temperatures of the individual sensors) 
has been observed following a cut-out. 

Record the time when the draw is initiated 
and designate it as an elapsed time of zero 
(t* = 0). (The superscript * is used to denote 
variables pertaining to the first-hour rating 
test). Record the outlet water temperature 
beginning 15 seconds after the draw is initi-
ated and at 5-second intervals thereafter 
until the draw is terminated. Determine the 
maximum outlet temperature that occurs 
during this first draw and record it as T*max,1. 
For the duration of this first draw and all 
successive draws, in addition, monitor the 
inlet temperature to the water heater to en-
sure that the required 58 °F ± 2 °F (14.4 °C ± 
1.1 °C) test condition is met. Terminate the 
hot water draw when the outlet temperature 
decreases to T*max,1 ¥ 15 °F (T*max,1 ¥ 8.3 °C). 
(Note, if the outlet temperature does not de-
crease to T*max,1 ¥ 15 °F (T*max,1 ¥ 8.3 °C) dur-
ing the draw, then hot water would be drawn 
continuously for the duration of the test. In 
this instance, the test would end when the 
temperature decreases to T*max,1¥ 15 °F 
(T*max,1 ¥ 8.3 °C) after the electrical power 
and/or fuel supplied to the water heater is 
shut off, as described in the following para-
graphs.) Record this temperature as T*min,1. 
Following draw termination, determine the 
average outlet water temperature and the 
mass or volume removed during this first 
draw and record them as T̄*del,i and M*1 or 
V*1, respectively. 

Initiate a second and, if applicable, succes-
sive draw(s) each time the applicable draw 
initiation criteria described in section 5.3.3.2 
are satisfied. As required for the first draw, 
record the outlet water temperature 15 sec-
onds after initiating each draw and at 5-sec-
ond intervals thereafter until the draw is 
terminated. Determine the maximum outlet 
temperature that occurs during each draw 
and record it as T*max,i, where the subscript i 
refers to the draw number. Terminate each 
hot water draw when the outlet temperature 
decreases to T*max,i ¥ 15 °F (T*max,i ¥ 8.3 °C). 
Record this temperature as T*min,i. Calculate 
and record the average outlet temperature 
and the mass or volume removed during each 
draw (T̄*del,i and M*i or V*i, respectively). 
Continue this sequence of draw and recovery 
until one hour after the start of the test, 
then shut off the electrical power and/or fuel 
supplied to the water heater. 

If a draw is occurring at one hour from the 
start of the test, continue this draw until the 
outlet temperature decreases to T*max,n ¥ 15 
°F (T*max,n ¥ 8.3 °C), at which time the draw 
shall be immediately terminated. (The sub-
script n shall be used to denote measure-
ments associated with the final draw.) If a 
draw is not occurring one hour after the 
start of the test, initiate a final draw at one 
hour, regardless of whether the criteria de-
scribed in section 5.3.3.2 of this appendix are 
satisfied. This draw shall proceed for a min-
imum of 30 seconds and shall terminate when 
the outlet temperature first indicates a 
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value less than or equal to the cut-off tem-
perature used for the previous draw 
(T*min,n

¥
1). If an outlet temperature greater 

than T*min,n
¥

1 is not measured within 30 sec-
onds of initiation of the draw, zero addi-
tional credit shall be given towards first- 
hour rating (i.e., M*n = 0 or V*n = 0) based on 
the final draw. After the final draw is termi-
nated, calculate and record the average out-
let temperature and the mass or volume re-
moved during the final draw (T̄*del,n and M*n 
or V*n, respectively). 

5.4 24-Hour Simulated Use Test. 
5.4.1 Selection of Draw Pattern. The water 

heater will be tested under a draw profile 

that depends upon the first-hour rating ob-
tained following the test prescribed in sec-
tion 5.3.3 of this appendix, or the maximum 
GPM rating obtained following the test pre-
scribed in section 5.3.2 of this appendix, 
whichever is applicable. For water heaters 
that have been tested according to the first- 
hour rating procedure, one of four different 
patterns shall be applied based on the meas-
ured first-hour rating, as shown in Table I of 
this section. For water heater that have been 
tested according to the maximum GPM rat-
ing procedure, one of four different patterns 
shall be applied based on the maximum 
GPM, as shown in Table II of this section. 

TABLE I—DRAW PATTERN TO BE USED BASED ON FIRST-HOUR RATING 

First-hour rating greater than or equal 
to: ... and first-hour rating less than: Draw pattern to be used in simulated-use test 

0 gallons .............................................. 18 gallons .......................................... Very-Small-Usage (Table III.1). 
18 gallons ............................................ 51 gallons .......................................... Low-Usage (Table III.2). 
51 gallons ............................................ 75 gallons .......................................... Medium-Usage (Table III.3). 
75 gallons ............................................ No upper limit .................................... High-Usage (Table III.4). 

TABLE II—DRAW PATTERN TO BE USED BASED ON MAXIMUM GPM RATING 

Maximum GPM rating greater than or 
equal to: and maximum GPM rating less than: Draw pattern to be used in simulated-use test 

0 gallons/minute .................................. 1.7 gallons/minute ............................. Very-Small-Usage (Table III.1). 
1.7 gallons/minute ............................... 2.8 gallons/minute ............................. Low-Usage (Table III.2). 
2.8 gallons/minute ............................... 4 gallons/minute ................................ Medium-Usage (Table III.3). 
4 gallons/minute .................................. No upper limit .................................... High-Usage (Table III.4). 

The draw patterns are provided in Tables 
III.1 through III.4 in section 5.5 of this appen-
dix. Use the appropriate draw pattern when 
conducting the test sequence provided in sec-
tion 5.4.2 of this appendix for water heaters 
with rated storage volumes greater than or 
equal to 2 gallons or section 5.4.3 of this ap-
pendix for water heaters with rated storage 
volumes less than 2 gallons. 

5.4.2 Test Sequence for Water Heaters with 
Rated Storage Volumes Greater Than or Equal 
to 2 Gallons. If the water heater is turned off, 
fill the water heater with supply water and 
maintain supply water pressure as described 
in section 2.6 of this appendix. Turn on the 
water heater and associated heat pump unit, 
if present. If turned on in this fashion, the 
soak-in period described in section 5.2.4 of 
this appendix shall be implemented. If the 
water heater has undergone a first-hour rat-
ing test prior to conduct of the simulated- 
use test, allow the water heater to fully re-
cover after completion of that test such that 
the main burner, heating elements, or heat 
pump compressor of the water heater are no 
longer raising the temperature of the stored 
water. In all cases, the water heater shall sit 
idle for 1 hour prior to the start of the 24- 
hour test; during which time no water is 
drawn from the unit and there is no energy 
input to the main heating elements, heat 

pump compressor, and/or burners. At the end 
of this period, the 24-hour simulated-use test 
will begin. 

At the start of the 24-hour test, record the 
mean tank temperature (T̄0), and the elec-
trical and/or fuel measurement readings, as 
appropriate. Begin the 24-hour simulated use 
test by withdrawing the volume specified in 
the appropriate table in section 5.5 of this 
appendix (i.e., Table III.1, Table III.2, Table 
III.3, or Table III.4, depending on the first- 
hour rating or maximum GPM rating) for 
the first draw at the flow rate specified in 
the applicable table. Record the time when 
this first draw is initiated and assign it as 
the test elapsed time (t) of zero (0). Record 
the average storage tank and ambient tem-
perature every minute throughout the 24- 
hour simulated-use test. At the elapsed 
times specified in the applicable draw pat-
tern table in section 5.5 of this appendix for 
a particular draw pattern, initiate additional 
draws pursuant to the draw pattern, remov-
ing the volume of hot water at the prescribed 
flow rate specified by the table. The max-
imum allowable deviation from the specified 
volume of water removed for any single draw 
taken at a nominal flow rate of 1 GPM or 1.7 
GPM is ±0.1 gallons (±0.4 liters). The max-
imum allowable deviation from the specified 
volume of water removed for any single draw 
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taken at a nominal flow rate of 3 GPM is 
±0.25 gallons (0.9 liters). The quantity of 
water withdrawn during the last draw shall 
be increased or decreased as necessary such 
that the total volume of water withdrawn 
equals the prescribed daily amount for that 
draw pattern ±1.0 gallon (±3.8 liters). If this 
adjustment to the volume drawn during the 
last draw results in no draw taking place, 
the test is considered invalid. 

All draws during the 24-hour simulated-use 
test shall be made at the flow rates specified 
in the applicable draw pattern table in sec-
tion 5.5 of this appendix, within a tolerance 
of ±0.25 gallons per minute (±0. 9 liters per 
minute). Measurements of the inlet and out-
let temperatures shall be made 5 seconds 
after the draw is initiated and at every sub-
sequent 3-second interval throughout the du-
ration of each draw. Calculate and record the 
mean of the hot water discharge temperature 
and the cold water inlet temperature for 
each draw T̄del,i and T̄in,i). Determine and 
record the net mass or volume removed (Mi 
or Vi), as appropriate, after each draw. 

At the end of the first recovery period fol-
lowing the first draw, which may extend be-
yond subsequent draws, record the maximum 
mean tank temperature observed after cut- 
out, T̄max,1, and the energy consumed by an 
electric resistance, gas, or oil-fired water 
heater (including electrical energy), from 
the beginning of the test, Qr. For heat pump 
water heaters, the total energy consumed 
during the first recovery by the heat pump 
(including compressor, fan, controls, pump, 
etc.) and, if applicable, by the resistive ele-
ment(s) shall be recorded as Qr. 

The start of the portion of the test during 
which the standby loss coefficient is deter-
mined depends upon whether the unit has 
fully recovered from the first draw cluster. If 
a recovery is occurring at or within five min-
utes of the end of the final draw in the first 
draw cluster, as identified in the applicable 
draw pattern table in section 5.5 of this ap-
pendix, then the standby period starts when 
a maximum average tank temperature is ob-
served starting five minutes after the end of 
the recovery period that follows that draw. If 
a recovery does not occur at or within five 
minutes of the end of the final draw in the 
first draw cluster, as identified in the appli-
cable draw pattern table in section 5.5 of this 
appendix, then the standby period starts five 
minutes after the end of that draw. Deter-
mine and record the total electrical energy 
and/or fossil fuel consumed from the begin-
ning of the test to the start of the standby 
period, Qsu,0. 

In preparation for determining the energy 
consumed during standby, record the reading 
given on the electrical energy (watt-hour) 
meter, the gas meter, and/or the scale used 
to determine oil consumption, as appro-
priate. Record the mean tank temperature at 
the start of the standby period as T̄su,0. At 1- 

minute intervals, record the mean tank tem-
perature and the electric and/or fuel instru-
ment readings until the next draw is initi-
ated. Just prior to initiation of the next 
draw, record the mean tank temperature as 
T̄su,f. If the water heater is undergoing recov-
ery when the next draw is initiated, record 
the mean tank temperature T̄su,f at the 
minute prior to the start of the recovery. 
The time at which this value occurs is the 
end of the standby period. Determine the 
total electrical energy and/or fossil fuel en-
ergy consumption from the beginning of the 
test to this time and record as Qsu,f. Record 
the time interval between the start of the 
standby period and the end of the standby 
period as tstby,1. Record the time during which 
water is not being withdrawn from the water 
heater during the entire 24-hour period as 
tstby,2. 

In the event that the recovery period con-
tinues from the end of the last draw of the 
first draw cluster until the subsequent draw, 
the standby period will start after the end of 
the first recovery period after the last draw 
of the simulated-use test, when the tempera-
ture reaches the maximum average tank 
temperature, though no sooner than five 
minutes after the end of this recovery pe-
riod. The standby period shall last eight 
hours, so testing will extend beyond the 24- 
hour duration of the simulated-use test. De-
termine and record the total electrical en-
ergy and/or fossil fuel consumed from the be-
ginning of the simulated-use test to the start 
of the 8-hour standby period, Qsu,0. In prepa-
ration for determining the energy consumed 
during standby, record the reading(s) given 
on the electrical energy (watt-hour) meter, 
the gas meter, and/or the scale used to deter-
mine oil consumption, as appropriate. 
Record the mean tank temperature at the 
start of the standby period as T̄su,0. Record 
the mean tank temperature, the ambient 
temperature, and the electric and/or fuel in-
strument readings until the end of the 8 hour 
period. Record the mean tank temperature 
at the end of the 8 hour standby period as 
T̄su,f. If the water heater is undergoing recov-
ery at the end of the standby period, record 
the mean tank temperature T̄su,f at the 
minute prior to the start of the recovery, 
which will mark the end of the standby pe-
riod. Determine the total electrical energy 
and/or fossil fuel energy consumption from 
the beginning of the test to the end of the 
standby period and record this value as Qsu,f. 
Record the time interval between the start 
of the standby period and the end of the 
standby period as tstby,1. 

Following the final draw of the prescribed 
draw pattern and subsequent recovery, allow 
the water heater to remain in the standby 
mode until exactly 24 hours have elapsed 
since the start of the simulated-use test (i.e., 
since t = 0). During the last hour of the simu-
lated-use test, power to the main burner, 
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heating element, or compressor shall be dis-
abled. At 24 hours, record the reading given 
by the gas meter, oil meter, and/or the elec-
trical energy meter as appropriate. Deter-
mine the fossil fuel and/or electrical energy 
consumed during the entire 24-hour simu-
lated-use test and designate the quantity as 
Q. 

5.4.3 Test Sequence for Water Heaters With 
Rated Storage Volume Less Than 2 Gallons. 

Establish normal operation with the dis-
charge water temperature at 125 °F ± 5 °F 
(51.7 °C ± 2.8 °C) and set the flow rate as de-
termined in section 5.2 of this appendix. 
Prior to commencement of the 24-hour simu-
lated-use test, the unit shall remain in an 
idle state in which controls are active but no 
water is drawn through the unit for a period 
of one hour. With no draw occurring, record 
the reading given by the gas meter and/or 
the electrical energy meter as appropriate. 
Begin the 24-hour simulated-use test by 
withdrawing the volume specified in Tables 
III.1 through III.4 of section 5.5 of this appen-
dix for the first draw at the flow rate speci-
fied. Record the time when this first draw is 
initiated and designate it as an elapsed time, 
t, of 0. At the elapsed times specified in Ta-
bles III.1 through III.4 for a particular draw 
pattern, initiate additional draws, removing 
the volume of hot water at the prescribed 
flow rate specified in Tables III.1 through 
III.4. The maximum allowable deviation 
from the specified volume of water removed 
for any single draw taken at a nominal flow 
rate less than or equal to 1.7 GPM (6.4 L/min) 
is ±0.1 gallons (±0.4 liters). The maximum al-
lowable deviation from the specified volume 
of water removed for any single draw taken 
at a nominal flow rate of 3 GPM (11.4 L/min) 
is ±0.25 gallons (0.9 liters). The quantity of 
water drawn during the final draw shall be 
increased or decreased as necessary such 

that the total volume of water withdrawn 
equals the prescribed daily amount for that 
draw pattern ±1.0 gallon (±3.8 liters). If this 
adjustment to the volume drawn in the last 
draw results in no draw taking place, the 
test is considered invalid. 

Measurements of the inlet and outlet 
water temperatures shall be made 5 seconds 
after the draw is initiated and at every 3-sec-
ond interval thereafter throughout the dura-
tion of the draw. Calculate the mean of the 
hot water discharge temperature and the 
cold water inlet temperature for each draw. 
Record the mass of the withdrawn water or 
the water meter reading, as appropriate, 
after each draw. At the end of the recovery 
period following the first draw, determine 
and record the fossil fuel and/or electrical 
energy consumed, Qr. Following the final 
draw and subsequent recovery, allow the 
water heater to remain in the standby mode 
until exactly 24 hours have elapsed since the 
start of the test (i.e., since t = 0). At 24 hours, 
record the reading given by the gas meter, 
oil meter, and/or the electrical energy meter, 
as appropriate. Determine the fossil fuel and/ 
or electrical energy consumed during the en-
tire 24-hour simulated-use test and designate 
the quantity as Q. 

5.5 Draw Patterns. The draw patterns to be 
imposed during 24-hour simulated-use tests 
are provided in Tables III.1 through III.4. 
Subject each water heater under test to one 
of these draw patterns based on its first-hour 
rating or maximum GPM rating, as discussed 
in section 5.4.1 of this appendix. Each draw 
pattern specifies the elapsed time in hours 
and minutes during the 24-hour test when a 
draw is to commence, the total volume of 
water in gallons (liters) that is to be re-
moved during each draw, and the flow rate at 
which each draw is to be taken, in gallons 
(liters) per minute. 

TABLE III.1—VERY-SMALL-USAGE DRAW PATTERN 

Draw No. Time during test 
[hh:mm] 

Volume 
[gallons (L)] 

Flow Rate ** 
[GPM (L/min)] 

1 * ............................................................................................... 0:00 2.0 (7.6) 1 (3.8) 
2 * ............................................................................................... 1:00 1.0 (3.8) 1 (3.8) 
3 * ............................................................................................... 1:05 0.5 (1.9) 1 (3.8) 
4 * ............................................................................................... 1:10 0.5 (1.9) 1 (3.8) 
5 * ............................................................................................... 1:15 0.5 (1.9) 1 (3.8) 
6 ................................................................................................. 8:00 1.0 (3.8) 1 (3.8) 
7 ................................................................................................. 8:15 2.0 (7.6) 1 (3.8) 
8 ................................................................................................. 9:00 1.5 (5.7) 1 (3.8) 
9 ................................................................................................. 9:15 1.0 (3.8) 1 (3.8) 

Total Volume Drawn Per Day: 10 gallons (38 L) 

* Denotes draws in first draw cluster. 
** Should the water heater have a maximum GPM rating less than 1 GPM (3.8 L/min), then all draws shall be implemented at 

a flow rate equal to the rated maximum GPM. 

TABLE III.2—LOW-USAGE DRAW PATTERN 

Draw No. Time during test 
[hh:mm] 

Volume 
[gallons (liters)] 

Flow rate 
[GPM (L/min)] 

1 * ............................................................................................... 0:00 15.0 (56.8) 1.7 (6.4) 
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TABLE III.2—LOW-USAGE DRAW PATTERN—Continued 

Draw No. Time during test 
[hh:mm] 

Volume 
[gallons (liters)] 

Flow rate 
[GPM (L/min)] 

2 * ............................................................................................... 0:30 2.0 (7.6) 1 (3.8) 
3 * ............................................................................................... 1:00 1.0 (3.8) 1 (3.8) 
4 ................................................................................................. 10:30 6.0 (22.7) 1.7 (6.4) 
5 ................................................................................................. 11:30 4.0 (15.1) 1.7 (6.4) 
6 ................................................................................................. 12:00 1.0 (3.8) 1 (3.8) 
7 ................................................................................................. 12:45 1.0 (3.8) 1 (3.8) 
8 ................................................................................................. 12:50 1.0 (3.8) 1 (3.8) 
9 ................................................................................................. 16:15 2.0 (7.6) 1 (3.8) 
10 ............................................................................................... 16:45 2.0 (7.6) 1.7 (6.4) 
11 ............................................................................................... 17:00 3.0 (11.4) 1.7 (6.4) 

Total Volume Drawn Per Day: 38 gallons (144 L) 

* Denotes draws in first draw cluster. 

TABLE III.3—MEDIUM-USAGE DRAW PATTERN 

Draw No. Time during test 
[hh:mm] 

Volume 
[gallons (liters)] 

Flow rate 
[GPM (L/min)] 

1 * ............................................................................................... 0:00 15.0 (56.8) 1.7 (6.4) 
2 * ............................................................................................... 0:30 2.0 (7.6) 1 (3.8) 
3 * ............................................................................................... 1:40 9.0 (34.1) 1.7 (6.4) 
4 ................................................................................................. 10:30 9.0 (34.1) 1.7 (6.4) 
5 ................................................................................................. 11:30 5.0 (18.9) 1.7 (6.4) 
6 ................................................................................................. 12:00 1.0 (3.8) 1 (3.8) 
7 ................................................................................................. 12:45 1.0 (3.8) 1 (3.8) 
8 ................................................................................................. 12:50 1.0 (3.8) 1 (3.8) 
9 ................................................................................................. 16:00 1.0 (3.8) 1 (3.8) 
10 ............................................................................................... 16:15 2.0 (7.6) 1 (3.8) 
11 ............................................................................................... 16:45 2.0 (7.6) 1.7 (6.4) 
12 ............................................................................................... 17:00 7.0 (26.5) 1.7 (6.4) 

Total Volume Drawn Per Day: 55 gallons (208 L) 

* Denotes draws in first draw cluster. 

TABLE III.4—HIGH-USAGE DRAW PATTERN 

Draw No. Time during test 
[hh:mm] 

Volume 
[gallons (liters)] 

Flow rate 
[GPM (L/min)] 

1 * ............................................................................................... 0:00 27.0 (102) 3 (11.4) 
2 * ............................................................................................... 0:30 2.0 (7.6) 1 (3.8) 
3 * ............................................................................................... 0:40 1.0 (3.8) 1 (3.8) 
4 * ............................................................................................... 1:40 9.0 (34.1) 1.7 (6.4) 
5 ................................................................................................. 10:30 15.0 (56.8) 3 (11.4) 
6 ................................................................................................. 11:30 5.0 (18.9) 1.7 (6.4) 
7 ................................................................................................. 12:00 1.0 (3.8) 1 (3.8) 
8 ................................................................................................. 12:45 1.0 (3.8) 1 (3.8) 
9 ................................................................................................. 12:50 1.0 (3.8) 1 (3.8) 
10 ............................................................................................... 16:00 2.0 (7.6) 1 (3.8) 
11 ............................................................................................... 16:15 2.0 (7.6) 1 (3.8) 
12 ............................................................................................... 16:30 2.0 (7.6) 1.7 (6.4) 
13 ............................................................................................... 16:45 2.0 (7.6) 1.7 (6.4) 
14 ............................................................................................... 17:00 14.0 (53.0) 3 (11.4) 

Total Volume Drawn Per Day: 84 gallons (318 L) 

* Denotes draws in first draw cluster. 

6. COMPUTATIONS 

6.1 First-Hour Rating Computation. For the 
case in which the final draw is initiated at or 

prior to one hour from the start of the test, 
the first-hour rating, Fhr, shall be computed 
using, 
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Where: 

n = the number of draws that are completed 
during the first-hour rating test. 

V*i = the volume of water removed during 
the ith draw of the first-hour rating test, 
gal (L) or, if the mass of water is being 
measured, 

Where: 
M*i = the mass of water removed during the 

ith draw of the first-hour rating test, lb 
(kg). 

r = the water density corresponding to the 
average outlet temperature measured 
during the ith draw, (T*̄del,i), lb/gal (kg/L). 

For the case in which a draw is not in 
progress at one hour from the start of the 
test and a final draw is imposed at the 
elapsed time of one hour, the first-hour rat-
ing shall be calculated using 

where n and V*i are the same quantities as 
defined above, and 

V*n = the volume of water drawn during the 
nth (final) draw of the first-hour rating 
test, gal (L). 

T̄*del,n
¥

1 = the average water outlet tempera-
ture measured during the (n¥1)th draw 
of the first-hour rating test, °F ( °C). 

T̄*del,n = the average water outlet tempera-
ture measured during the nth (final) 

draw of the first-hour rating test, °F ( 
°C). 

T*min,n
¥

1 = the minimum water outlet tem-
perature measured during the (n¥1)th 
draw of the first-hour rating test, °F ( 
°C). 

6.2 Maximum GPM (L/min) Rating Computa-
tion. Compute the maximum GPM (L/min) 
rating, Fmax, as: 
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Where: 
M10m = the mass of water collected during 

the 10-minute test, lb (kg). 
T̄del = the average delivery temperature, °F ( 

°C). 

T̄in = the average inlet temperature, °F ( °C). 
r = the density of water at the average deliv-

ery temperature, lb/gal (kg/L). 
If a water meter is used, the maximum 

GPM (L/min) rating is computed as: 

Where: 

V10m = the volume of water measured during 
the 10-minute test, gal (L). 

T̄del = as defined in this section. 
T̄in = as defined in this section. 

6.3 Computations for Water Heaters with a 
Rated Storage Volume Greater Than or Equal to 
2 Gallons. 

6.3.1 Storage Tank Capacity. The storage 
tank capacity, Vst, is computed as follows: 
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Where: 
Vst = the storage capacity of the water heat-

er, gal (L) 
Wf = the weight of the storage tank when 

completely filled with water, lb (kg) 
Wt = the (tare) weight of the storage tank 

when completely empty, lb (kg) 

r = the density of water used to fill the tank 
measured at the temperature of the 
water, lb/gal (kg/L) 

6.3.2 Recovery Efficiency. The recovery effi-
ciency for gas, oil, and heat pump storage- 
type water heaters, hr, is computed as: 

Where: 

M1 = total mass removed from the start of 
the 24-hour simulated-use test to the end 
of the first recovery period, lb (kg), or, if 
the volume of water is being measured, 

M1 = V1r1 

Where: 

V1 = total volume removed from the start of 
the 24-hour simulated-use test to the end 
of the first recovery period, gal (L). 

r1 = density of the water at the water tem-
perature measured at the point where 
the flow volume is measured, lb/gal (kg/ 
L). 

Cp1 = specific heat of the withdrawn water 
evaluated at (T̄del,1 + T̄in,1)/2, Btu/(lb· °F) 
(kJ/(kg· °C)) 

T̄del,1 = average water outlet temperature 
measured during the draws from the 
start of the 24-hour simulated-use test to 
the end of the first recovery period, °F ( 
°C). 

T̄in,1 = average water inlet temperature meas-
ured during the draws from the start of 
the 24-hour simulated-use test to the end 
of the first recovery period, °F ( °C). 

Vst = as defined in section 6.3.1. 
r2 = density of stored hot water evaluated at 

(T̄max,1 + T̄o)/2, lb/gal (kg/L). 
Cp2 = specific heat of stored hot water evalu-

ated at (T̄max,1 + T̄o)/2, Btu/(lb· °F) (kJ/(kg· 
°C). 

T̄max,1 = maximum mean tank temperature 
recorded after cut-out following the first 
recovery of the 24-hour simulated use 
test, °F ( °C). 

T̄o = maximum mean tank temperature re-
corded prior to the first draw of the 24- 
hour simulated-use test, °F ( °C). 

Qr = the total energy used by the water heat-
er between cut-out prior to the first draw 
and cut-out following the first recovery 
period, including auxiliary energy such 
as pilot lights, pumps, fans, etc., Btu 
(kJ). (Electrical auxiliary energy shall 
be converted to thermal energy using the 
following conversion: 1 kWh = 3412 Btu). 

The recovery efficiency for electric water 
heaters with immersed heating elements is 
assumed to be 98 percent. 

6.3.3 Hourly Standby Losses. The energy 
consumed as part of the standby loss test of 
the 24-hour simulated-use test, Qstby, is com-
puted as: 

Qstby = Qsu,f - Qsu,o 

Where: 

Qsu,0 = cumulative energy consumption of 
the water heater from the start of the 24- 
hour simulated-use test to the time at which 
the maximum mean tank temperature is at-
tained starting five minutes after the recov-
ery following the end of the first draw clus-
ter, Btu (kJ). 

Qsu,f = cumulative energy consumption of 
the water heater from the start of the 24- 
hour simulated-use test to the minute prior 
to the start of the draw following the end of 
the first draw cluster or the minute prior to 
a recovery occurring at the start of the draw 
following the end of the first draw cluster, 
Btu (kJ). 

The hourly standby energy losses are com-
puted as: 
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Where: 
Qhr = the hourly standby energy losses of the 

water heater, Btu/h (kJ/h). 
Vst = as defined in section 6.3.1 of this appen-

dix. 
r = density of stored hot water, (T̄su,f + T̄su,0)/ 

2, lb/gal (kg/L). 
Cp = specific heat of the stored water, (T̄su,f + 

T̄su,0)/2, Btu/(lb·F), (kJ/(kg·K)) 
T̄su,f = the mean tank temperature observed 

at the minute prior to the start of the 
draw following the first draw cluster or 
the minute prior to a recovery occurring 
at the start of the draw following the end 
of the first draw cluster, °F ( °C). 

T̄su,0 = the maximum mean tank temperature 
observed starting five minutes after the 
first recovery following the final draw of 
the first draw cluster, °F ( °C). 

hr = as defined in section 6.3.2 of this appen-
dix. 

tstby,1 = elapsed time between the time at 
which the maximum mean tank tempera-
ture is observed starting five minutes 
after recovery from the first draw cluster 
and the minute prior to the start of the 
first draw following the end of the first 
draw cluster of the 24-hour simulated-use 
test or the minute prior to a recovery oc-
curring at the start of the draw following 
the end of the first draw cluster, h. 

The standby heat loss coefficient for the 
tank is computed as: 

Where: 

UA = standby heat loss coefficient of the 
storage tank, Btu/(h· °F), (kJ/(h· °C). 

T̄t,stby,1 = overall average storage tank tem-
perature between the time when the 
maximum mean tank temperature is ob-
served starting five minutes after cut- 
out following the first draw cluster and 
the minute prior to commencement of 
the next draw following the first draw 
cluster of the 24-hour simulated-use test 
or the minute prior to a recovery occur-
ring at the start of the draw following 
the end of the first draw cluster, °F ( °C). 

T̄a,stby,1 = overall average ambient tempera-
ture between the time when the max-
imum mean tank temperature is ob-
served starting five minutes after cut- 
out following the first draw cluster and 
the minute prior to commencement of 
the next draw following the first draw 
cluster of the 24-hour simulated-use test 
or the minute prior to a recovery occur-
ring at the start of the draw following 
the end of the first draw cluster, °F ( °C). 

6.3.4 Daily Water Heating Energy Consump-
tion. The daily water heating energy con-
sumption, Qd, is computed as: 

Where: 

Q = Qf + Qe = total energy used by the water 
heater during the 24-hour simulated-use 
test, including auxiliary energy such as 
pilot lights, pumps, fans, etc., Btu (kJ). 
(Electrical energy shall be converted to 
thermal energy using the following con-
version: 1kWh = 3412 Btu.) 

Qf = total fossil fuel energy used by the 
water heater during the 24-hour simu-
lated-use test, Btu (kJ). 

Qe = total electrical energy used during the 
24-hour simulated-use test, Btu (kJ). 

Vst = as defined in section 6.3.1 of this appen-
dix. 

r = density of the stored hot water, evalu-
ated at (T̄24 + T̄0)/2, lb/gal (kg/L) 

Cp = specific heat of the stored water, evalu-
ated at (T̄24 + T̄0)/2, Btu/(lb·F), (kJ/ 
(kg·K)). 

T̄24 = mean tank temperature at the end of 
the 24-hour simulated-use test, °F ( °C). 

T̄0 = mean tank temperature at the begin-
ning of the 24-hour simulated-use test, 
recorded one minute before the first draw 
is initiated, °F ( °C). 

hr = as defined in section 6.3.2 of this appen-
dix. 
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6.3.5 Adjusted Daily Water Heating Energy 
Consumption. The adjusted daily water heat-
ing energy consumption, Qda, takes into ac-
count that the ambient temperature may 
differ from the nominal value of 67.5 °F (19.7 

°C) due to the allowable variation in sur-
rounding ambient temperature of 65 °F (18.3 
°C) to 70 °C (21.1 °C). The adjusted daily water 
heating energy consumption is computed as: 

Where: 

Qda = the adjusted daily water heating energy 
consumption, Btu (kJ). 

Qd = as defined in section 6.3.4 of this appen-
dix. 

T̄a,stby,2 = the average ambient temperature 
during the total standby portion, tstby,2, of 
the 24-hour simulated-use test, °F ( °C). 

UA = as defined in section 6.3.3 of this appen-
dix. 

tstby,2 = the number of hours during the 24- 
hour simulated-use test when water is 

not being withdrawn from the water 
heater. 

A modification is also needed to take into 
account that the temperature difference be-
tween the outlet water temperature and sup-
ply water temperature may not be equiva-
lent to the nominal value of 67 °F (125 °F–58
°F) or 37.3 °C (51.7 °C–14.4 °C). The following 
equations adjust the experimental data to a 
nominal 67 °F(37.3 °C) temperature rise. 

The energy used to heat water, Btu/day 
(kJ/day), may be computed as: 

Where: 
N = total number of draws in the draw pat-

tern. 
Mi = the mass withdrawn for the ith draw (i 

= 1 to N), lb (kg) 
Cpi = the specific heat of the water of the ith 

draw evaluated at (T̄del,i + T̄in,i)/2, Btu/(lb· 
°F) (kJ/(kg· °C)). 

T̄del,i = the average water outlet temperature 
measured during the ith draw (i = 1 to N), 
°F ( °C). 

T̄in,i = the average water inlet temperature 
measured during the ith draw (i = 1 to N), 
°F ( °C). 

hr = as defined in section 6.3.2 of this appen-
dix. 

The energy required to heat the same 
quantity of water over a 67 °F (37.3 °C) tem-
perature rise, Btu/day (kJ/day), is: 
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The difference between these two values is: 

QHWD = QHW,67 °F ¥ QHW 
or QHWD = QHW,37.3 °C ¥ QHW 

This difference (QHWD) must be added to the 
adjusted daily water heating energy con-
sumption value. Thus, the daily energy con-
sumption value which takes into account 

that the ambient temperature may not be 
67.5 °F (19.7 °C) and that the temperature rise 
across the storage tank may not be 67 °F 
(37.3 °C) is: 

Qdm = Qda + QHWD 

6.3.6 Uniform Energy Factor. The uniform 
energy factor, UEF, is computed as: 

Where: 
N = total number of draws in the draw pat-

tern 
Qdm = the modified daily water heating en-

ergy consumption as computed in accord-
ance with section 6.3.5 of this appendix, 
Btu (kJ) 

Mi = the mass withdrawn for the ith draw (i 
= 1 to N), lb (kg) 

Cpi = the specific heat of the water of the ith 
draw, evaluated at (125 °F + 58 °F)/2 = 
91.5 °F ((51.7 °C + 14.4 °C)/2 = 33 °C), Btu/ 
(lb· °F) (kJ/(kg· °C)). 

6.3.7 Annual Energy Consumption. The an-
nual energy consumption for water heaters 
with rated storage volumes greater than or 
equal to 2 gallons is computed as: 

Where: UEF = the uniform energy factor as com-
puted in accordance with section 6.3.6 of 
this appendix 
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365 = the number of days in a year 
V = the volume of hot water drawn during 

the applicable draw pattern, gallons 
= 10 for the very-small-usage draw pattern 
= 38 for the low-usage draw pattern 
= 55 for the medium-usage draw pattern 
= 84 for high-usage draw pattern 
r = 8.24 lbm/gallon, the density of water at 

125 °F 
CP = 1.00 Btu/lbm °F, the specific heat of 

water at 91.5 °F 
67 = the nominal temperature difference be-

tween inlet and outlet water 
6.3.8 Annual Electrical Energy Consumption. 

The annual electrical energy consumption in 
kilowatt-hours for water heaters with rated 
storage volumes greater than or equal to 2 
gallons, Eannual,e, is computed as: 
Eannual,e = Eannual*(Qe/Q)/3412 
Where: 
Eannual = the annual energy consumption as 

determined in accordance with section 
6.3.7, Btu (kJ) 

Qe = the daily electrical energy consumption 
as defined in section 6.3.4 of this appen-
dix, Btu (kJ). 

Q = total energy used by the water heater 
during the 24-hour simulated-use test in 
accordance with section 6.3.4 of this ap-
pendix, Btu (kJ) 

3412 = conversion factor from Btu to kWh 

6.3.9 Annual Fossil Fuel Energy Consump-
tion. The annual fossil fuel energy consump-
tion for water heaters with rated storage 
volumes greater than or equal to 2 gallons, 
Eannual,f, is computed as: 

Eannual,f = Eannual ¥ (Eannual,e × 3412) 

Where: 

Eannual = the annual energy consumption as 
determined in accordance with section 
6.3.7 of this appendix, Btu (kJ) 

Eannual,e = the annual electrical energy con-
sumption as determined in accordance 
with section 6.3.8 of this appendix, kWh 

3412 = conversion factor from kWh to Btu 
6.4 Computations for Water Heaters With 

Rated Storage Volume Less Than 2 Gallons. 
6.4.1 Recovery Efficiency. The recovery effi-

ciency, hr, is computed as: 

Where: 
M1 = total mass removed during the first 

draw of the 24-hour simulated-use test, lb 
(kg), or, if the volume of water is being 
measured, M1 = V1 · r 

Where: 
V1 = total volume removed during the first 

draw of the 24-hour simulated-use test, 
gal (L). 

r = density of the water at the water tem-
perature measured at the point where 
the flow volume is measured, lb/gal(kg/ 
L). 

Cp1 = specific heat of the withdrawn water, 
(T̄del,1 û T̄in,1)/2, Btu/(lb · °F) (kJ/(kg · °C)). 

T̄del,1 = average water outlet temperature 
measured during the first draw of the 24- 
hour simulated-use test, °F ( °C). 

T̄in,1 = average water inlet temperature meas-
ured during the first draw of the 24-hour 
simulated-use test, °F ( °C). 

Qr = the total energy used by the water heat-
er between cut-out prior to the first draw 
and cut-out following the first draw, in-
cluding auxiliary energy such as pilot 
lights, pumps, fans, etc., Btu (kJ). (Elec-
trical auxiliary energy shall be converted 

to thermal energy using the following 
conversion: 1 kWh = 3412 Btu.) 

6.4.2 Daily Water Heating Energy Consump-
tion. The daily water heating energy con-
sumption, Qd, is computed as: 

Qd = Q 

Where: 

Q = Qf + Qe = the energy used by the water 
heater during the 24-hour simulated-use 
test. 

Qf = total fossil fuel energy used by the 
water heater during the 24-hour simu-
lated-use test, Btu (kJ). 

Qe = total electrical energy used during the 
24-hour simulated-use test, Btu (kJ). 

A modification is needed to take into ac-
count that the temperature difference be-
tween the outlet water temperature and sup-
ply water temperature may not be equiva-
lent to the nominal value of 67 °F (125 °F–58 
°F) or 37.3 °C (51.7 °C–14.4 °C). The following 
equations adjust the experimental data to a 
nominal 67 °F (37.3 °C) temperature rise. 

The energy used to heat water may be 
computed as: 
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Where: 
N = total number of draws in the draw pat-

tern 
Mi = the mass withdrawn for the ith draw(i = 

1 to N), lb (kg) 
Cpi = the specific heat of the water of the ith 

draw evaluated at (T̄del,i + T̄in,i)/2, Btu/(lb · 
°F) (kJ/(kg · °C)). 

T̄del,i = the average water outlet temperature 
measured during the ith draw (i = 1 to N), 
°F ( °C). 

T̄in,i = the average water inlet temperature 
measured during the ith draw (i = 1 to N), 
°F ( °C). 

hr = as defined in section 6.4.1 of this appen-
dix. 

The energy required to heat the same 
quantity of water over a 67 °F (37.3 °C) tem-
perature rise is: 

Where: 

N = total number of draws in the draw pat-
tern 

Mi = the mass withdrawn during the ith 
draw, lb (kg) 

Cpi = the specific heat of water of the ith 
draw, Btu/(lb · °F) (kJ/(kg · °C)) 

hr = as defined in section 6.4.1 of this appen-
dix. 

The difference between these two values is: 

This difference (QHWD) must be added to the 
daily water heating energy consumption 
value. Thus, the daily energy consumption 
value, which takes into account that the 

temperature rise across the water heater 
may not be 67 °F (37.3 °C), is: 

Qdm = Qd + QHWD 

6.4.3 Uniform Energy Factor. The uniform 
energy factor, UEF, is computed as: 
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Where: 
N = total number of draws in the draw pat-

tern 
Qdm = the modified daily water heating en-

ergy consumption as computed in accord-
ance with section 6.4.2 of this appendix, 
Btu (kJ) 

Mi = the mass withdrawn for the ith draw(i = 
1 to N), lb (kg) 

Cpi = the specific heat of the water at the ith 
draw, evaluated at (125 °F + 58 °F)/2 = 91.5 
°F ((51.7 °C + 14.4 °C)/2 = 33.1 °C), Btu/(lb 
· °F) (kJ/(kg · °C)). 

6.4.4 Annual Energy Consumption. The an-
nual energy consumption for water heaters 
with rated storage volumes less than 2 gal-
lons, Eannual, is computed as: 

Where: 
UEF = the uniform energy factor as com-

puted in accordance with section 6.4.3 of 
this appendix 

365 = the number of days in a year. 
V = the volume of hot water drawn during 

the applicable draw pattern, gallons 
= 10 for the very-small-usage draw pattern 
= 38 for the low-usage draw pattern 
= 55 for the medium-usage draw pattern 
= 84 for high-usage draw pattern 
r = 8.24 lbm/gallon, the density of water at 

125 °F 
CP = 1.00 Btu/lbm °F, the specific heat of 

water at 91.5 °F 
67 = the nominal temperature difference be-

tween inlet and outlet water 
6.4.5 Annual Electrical Energy Consumption. 

The annual electrical energy consumption in 
kilowatt–hours for water heaters with rated 
storage volumes less than 2 gallons, Eannual, e, 
is computed as: 
Eannual,e = Eannual*(Qe/Q)/3412 
Where: 
Qe = the daily electrical energy consumption 

as defined in section 6.4.2 of this appen-
dix, Btu (kJ) 

Eannual = the annual energy consumption as 
determined in accordance with section 
6.4.4 of this appendix, Btu (kJ) 

Q = total energy used by the water heater 
during the 24-hour simulated-use test in 
accordance with section 6.4.2 of this ap-
pendix, Btu (kJ) 

Qdm = the modified daily water heating en-
ergy consumption as computed in accord-
ance with section 6.4.2 of this appendix, 
Btu (kJ) 

3412 = conversion factor from Btu to kWh 

6.4.6 Annual Fossil Fuel Energy Consump-
tion. The annual fossil fuel energy consump-
tion for water heaters with rated storage 
volumes less than 2 gallons, Eannual,f, is com-
puted as: 

Eannual,f = Eannual¥(Eannual,e × 3412) 

Where: 

Eannual,e = the annual electrical energy con-
sumption as defined in section 6.4.5 of 
this appendix, kWh. 

Eannual = the annual energy consumption as 
defined in section 6.4.4 of this appendix, 
Btu (kJ) 

3412 = conversion factor from kWh to Btu 
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APPENDIX F TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF ROOM AIR CONDITIONERS 

NOTE: Manufacturers are not required to 
use the test procedures and calculations that 
refer to standby mode and off mode energy 
consumption, (specifically, sections 2.2, 3.2, 
4.2, and 5.3 of this appendix F) until the com-

pliance date of any amended energy con-
servation standards for room air condi-
tioners at 10 CFR 430.32(b). 

1. Definitions. 
1.1 ‘‘Active mode’’ means a mode in which 

the room air conditioner is connected to a 
mains power source, has been activated and 
is performing the main function of cooling or 
heating the conditioned space, or circulating 
air through activation of its fan or blower, 
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with or without energizing active air-clean-
ing components or devices such as ultra-
violet (UV) radiation, electrostatic filters, 
ozone generators, or other air-cleaning de-
vices. 

1.2 ‘‘ANSI/AHAM RAC–1’’ means the test 
standard published jointly by the American 
National Standards Institute and the Asso-
ciation of Home Appliance Manufacturers, 
titled ‘‘Room Air Conditioners,’’ Standard 
RAC–1–2008 (incorporated by reference; see 
§ 430.3). 

1.3 ‘‘ANSI/ASHRAE 16’’ means the test 
standard published jointly by the American 
National Standards Institute and the Amer-
ican Society of Heating, Refrigerating, and 
Air-Conditioning Engineers titled ‘‘Method 
of Testing for Rating Room Air Conditioners 
and Packaged Terminal Air Conditioners,’’ 
Standard 16–1983 (RA 2009) (incorporated by 
reference; see § 430.3). 

1.4 ‘‘IEC 62301’’ means the test standard 
published by the International Electro-
technical Commission, (‘‘IEC’’), titled 
‘‘Household electrical appliances—Measure-
ment of standby power,’’ Publication 62301 
(first edition June 2005), (incorporated by ref-
erence; see § 430.3). 

1.5 ‘‘Inactive mode’’ means a standby mode 
that facilitates the activation of active mode 
by remote switch (including remote control) 
or internal sensor or which provides contin-
uous status display. 

1.6 ‘‘Off mode’’ means a mode in which a 
room air conditioner is connected to a mains 
power source and is not providing any active 
or standby mode function and where the 
mode may persist for an indefinite time. An 
indicator that only shows the user that the 
product is in the off position is included 
within the clasification of an off mode. 

1.7 ‘‘Standby mode’’ means any product 
modes where the where the energy using 
product is connected to a mains power 
source and offers one or more of the fol-
lowing user oriented or protective functions 
which may persist for an indefinite time: 

(a) To facilitate the activation of other 
modes (including activation or deactivation 
of active mode) by remote switch (including 
remote control), internal sensor, or timer. 

(b) Continuous functions, including infor-
mation or status displays (including clocks) 
or sensor-based functions. A timer is a con-
tinuous clock function (which may or may 
not be associated with a display) that pro-
vides regular scheduled tasks (e.g., switch-
ing) and that operates on a continuous basis. 

2. Test methods. 
2.1 Cooling. The test method for testing 

room air conditioners in cooling mode shall 
consist of application of the methods and 
conditions in ANSI/AHAM RAC–1 sections 4, 
5, 6.1, and 6.5 (incorporated by reference; see 
§ 430.3), and in ANSI/ASHRAE 16 (incor-
porated by reference; see § 430.3). 

2.2 Standby and off modes. The method for 
testing room air conditioners in standby and 
off modes shall consist of application of the 
methods and conditions in IEC 62301 (incor-
porated by reference; see § 430.3), as modified 
by the requirements of this standard. The 
testing may be conducted in test facilities 
used for testing cooling performance. If test-
ing is not conducted in such a facility, the 
test facility shall comply with IEC 62301 sec-
tion 4.2. 

3. Test conditions. 
3.1 Cooling mode. Establish the test condi-

tions described in sections 4 and 5 of ANSI/ 
AHAM RAC–1 (incorporated by reference; see 
§ 430.3) and in accordance with ANSI/ 
ASHRAE 16 (incorporated by reference; see 
§ 430.3). 

3.2 Standby and off modes. 
3.2.1 Test room conditions. Maintain the in-

door test conditions as required by section 
4.2 of IEC 62301 (incorporated by reference; 
see § 430.3). If the standby and off mode test-
ing is conducted in a facility that is also 
used for testing cooling performance, main-
tain the outdoor test conditions either as re-
quired by section 4.2 of IEC 62301 or as de-
scribed in section 3.1. If the unit is equipped 
with an outdoor air ventilation damper, 
close this damper during testing. 

3.2.2 Power supply. Maintain power supply 
conditions specified in section 4.3 of IEC 
62301 (incorporated by reference; see § 430.3). 
Use room air conditioner nameplate voltage 
and frequency as the basis for power supply 
conditions. Maintain power supply voltage 
waveform according to the requirements of 
section 4.4 of IEC 62301. 

3.2.3 Watt meter. The watt meter used to 
measure standby mode and off mode power 
consumption of the room air conditioner 
shall have the resolution specified in section 
4, paragraph 4.5 of IEC 62301 (incorporated by 
reference; see § 430.3). The watt meter shall 
also be able to record a ‘‘true’’ average power 
specified in section 5, paragraph 5.3.2(a) of 
IEC 62301. 

4. Measurements. 
4.1 Cooling mode. Measure the quantities 

delineated in section 5 of ANSI/AHAM RAC– 
1 (incorporated by reference; see § 430.3). 

4.2 Standby and off modes. Establish the 
testing conditions set forth in section 3.2. 
Prior to the initiation of the test measure-
ments, the room air conditioner shall also be 
installed in accordance with section 5, para-
graph 5.2 of IEC 62301 (incorporated by ref-
erence; see § 430.3). For room air conditioners 
that drop from a higher power state to a 
lower power state as discussed in section 5, 
paragraph 5.1, note 1 of IEC 62301, allow suffi-
cient time for the room air conditioner to 
reach the lower power state before pro-
ceeding with the test measurement. Follow 
the test procedure specified in section 5, 
paragraph 5.3 of IEC 62301 for testing in each 
possible mode as described in 4.2.1 and 4.2.2, 
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except allow the product to stabilize for 5 to 
10 minutes and use an energy use measure-
ment period of 5 minutes. For units in which 
power varies over a cycle, as described in 
section 5, paragraph 5.3.2 of IEC 62301, use 
the average power approach in paragraph 
5.3.2(a). 

4.2.1 If a room air conditioner has an inac-
tive mode, as defined in 1.5, measure and 
record the average inactive mode power of 
the room air conditioner, PIA, in watts. 

4.2.2 If a room air conditioner has an off 
mode, as defined in 1.6, measure and record 
the average off mode power of the room air 
conditioner, POFF, in watts. 

5. Calculations. 
5.1 Calculate the cooling capacity (ex-

pressed in Btu/hr) as required in section 6.1 
of ANSI/AHAM RAC–1 (incorporated by ref-
erence; see § 430.3) and in accordance with 
ANSI/ASHRAE 16 (incorporated by reference; 
see § 430.3). 

5.2 Determine the electrical power input 
(expressed in watts) as required by section 
6.5 of ANSI/AHAM RAC–1 (incorporated by 
reference; see § 430.3) and in accordance with 
ANSI/ASHRAE 16 (incorporated by reference; 
see § 430.3). 

5.3 Standby mode and off mode annual energy 
consumption. Calculate the standby mode and 
off mode annual energy consumption for 
room air conditioners, ETSO, expressed in kil-
owatt-hours per year, according to the fol-
lowing: 
ETSO = [(PIA × SIA) + (POFF × SOFF)] × K 

Where: 
PIA = room air conditioner inactive mode 

power, in watts, as measured in section 
4.2.1 

POFF = room air conditioner off mode power, 
in watts, as measured in section 4.2.2. 

If the room air conditioner has both inactive 
mode and off mode, SIA and SOFF both 
equal 5,115 ÷ 2 = 2,557.5, where 5,115 is the 
total inactive and off mode annual hours; 

If the room air conditioner has an inactive 
mode but no off mode, the inactive mode 
annual hours, SIA, is equal to 5,115 and 
the off mode annual hours, SOFF, is equal 
to 0; 

If the room air conditioner has an off mode 
but no inactive mode, SIA is equal to 0 
and SOFF is equal to STOT; 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

[76 FR 1035, Jan. 6, 2011] 

APPENDIX G TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF UNVENTED HOME HEATING 
EQUIPMENT 

1. Testing conditions. 

1.1 Installation. 

1.1.1 Electric heater. Install heater accord-
ing to manufacturer’s instructions. Heaters 
shall be connected to an electrical supply 
circuit of nameplate voltage with a 
wattmeter installed in the circuit. The 
wattmeter shall have a maximum error not 
greater than one percent. 

1.1.2 Unvented gas heater. Install heater ac-
cording to manufacturer’s instructions. 
Heaters shall be connected to a gas supply 
line with a gas displacement meter installed 
between the supply line and the heater ac-
cording to manufacturer’s specifications. 
The gas displacement meter shall have a 
maximum error not greater than one per-
cent. Gas heaters with electrical auxiliaries 
shall be connected to an electrical supply 
circuit of nameplate voltage with a 
wattmeter installed in the circuit. The 
wattmeter shall have a maximum error not 
greater than one percent. 

1.1.3 Unvented oil heater. Install heater ac-
cording to manufacturer’s instructions. Oil 
heaters with electric auxiliaries shall be con-
nected to an electrical supply circuit of 
nameplate voltage with a wattmeter in-
stalled in the circuit. The wattmeter shall 
have a maximum error not greater than one 
percent. 

1.2 Temperature regulating controls. All tem-
perature regulating controls shall be shorted 
out of the circuit or adjusted so that they 
will not operate during the test period. 

1.3 Fan controls. All fan controls shall be 
set at the highest fan speed setting. 

1.4 Energy supply. 
1.4.1 Electrical supply. Supply power to the 

heater within one percent of the nameplate 
voltage. 

1.4.2 Natural gas supply. For an unvented 
gas heater utilizing natural gas, maintain 
the gas supply to the heater with a normal 
inlet test pressure immediately ahead of all 
controls at 7 to 10 inches of water column. 
The regulator outlet pressure at normal sup-
ply test pressure shall be approximately that 
recommended by the manufacturer. The nat-
ural gas supplied should have a higher heat-
ing value within ±5 percent of 1,025 Btu’s per 
standard cubic foot. Determine the higher 
heating value, in Btu’s per standard cubic 
foot, for the natural gas to be used in the 
test, with an error no greater than one per-
cent. Alternatively, the test can be con-
ducted using ‘‘bottled’’ natural gas of a high-
er heating value within ±5 percent of 1,025 
Btu’s per standard cubic foot as long as the 
actual higher heating value of the bottled 
natural gas has been determined with an 
error no greater than one percent as certified 
by the supplier. 

1.4.3 Propane gas supply. For an unvented 
gas heater utilizing propane, maintain the 
gas supply to the heater with a normal inlet 
test pressure immediately ahead of all con-
trols at 11 to 13 inches of water column. The 
regulator outlet pressure at normal supply 
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test pressure shall be that recommended by 
the manufacturer. The propane supplied 
should have a higher heating value of with-
in±5 percent of 2,500 Btu’s per standard cubic 
foot. Determine the higher heating value in 
Btu’s per standard foot, for the propane to be 
used in the test, with an error no greater 
than one percent. Alternatively, the test can 
be conducted using ‘‘bottled’’ propane of a 
higher heating value within ±5 percent of 
2,500 Btu’s per standard cubic foot as long as 
the actual higher heating value of the bot-
tled propane has been determined with an 
error no greater than one percent as certified 
by the supplier. 

1.4.4 Oil supply. For an unvented oil heater 
utilizing kerosene, determine the higher 
heating value in Btu’s per gallon with an 
error no greater than one percent. Alter-
natively, the test can be conducted using a 
tested fuel of a higher heating value within 
±5 percent of 137,400 Btu’s per gallon as long 
as the actual higher heating value of the 
tested fuel has been determined with an 
error no greater than one percent as certified 
by the supplier. 

1.5 Energy flow instrumentation. Install one 
or more energy flow instruments which 
measure, as appropriate and with an error no 
greater than one percent, the quantity of 
electrical energy, natural gas, propane gas, 
or oil supplied to the heater. 

2. Testing and measurements. 

2.1 Electric power measurement. Establish 
the test conditions set forth in section 1 of 
this appendix. Allow an electric heater to 
warm up for at least five minutes before re-
cording the maximum electric power meas-
urement from the wattmeter. Record the 
maximum electric power (PE) expressed in 
kilowatts. 

Allow the auxiliary electrical system of a 
forced air unvented gas, propane, or oil heat-
er to operate for at least five minutes before 
recording the maximum auxiliary electric 
power measurement from the wattmeter. 
Record the maximum auxiliary electric 
power (PA) expressed in kilowatts. 

2.2 Natural gas, propane, and oil measure-
ment. Establish the test conditions as set 
forth in section 1 of this appendix. A natural 
gas, propane, or oil heater shall be operated 
for one hour. Using either the nameplate rat-
ing or the energy flow instrumentation set 
forth in section 1.5 of this appendix and the 
fuel supply rating set forth in sections 1.4.2, 
1.4.3, or 1.4.4 of this appendix, as appropriate, 
determine the maximum fuel input (PF) of 
the heater under test in Btu’s per hour. The 
energy flow instrumentation shall measure 
the maximum fuel input with an error no 
greater than one percent. 

2.3 Pilot light measurement. Except as pro-
vided in section 2.3.1 of this appendix, meas-
ure the energy input rate to the pilot light 

(Qp), with an error no greater than 3 percent, 
for unvented heaters so equipped. 

2.3.1 The measurement of Qp is not required 
for unvented heaters where the pilot light is 
designed to be turned off by the user when 
the heater is not in use (i.e., for units where 
turning the control to the OFF position will 
shut off the gas supply to the burner(s) and 
the pilot light). This provision applies only if 
an instruction to turn off the unit is pro-
vided on the heater near the gas control 
value (e.g., by label) by the manufacturer. 

2.4 Electrical standby mode power measure-
ment. Except as provided in section 2.4.1 of 
this appendix, for all electric heaters and 
unvented heaters with electrical auxiliaries, 
measure the standby power (PW,SB) in accord-
ance with the procedures in IEC 62301 Second 
Edition (incorporated by reference; see 
§ 430.3), with all electrical auxiliaries not ac-
tivated. Voltage shall be as specified in sec-
tion 1.4.1 Electrical supply of this appendix. 
The recorded standby power (PW,SB) shall be 
rounded to the second decimal place, and for 
loads greater than or equal to 10W, at least 
three significant figures shall be reported. 

2.4.1 The measurement of PW,SB is not re-
quired for heaters designed to be turned off 
by the user when the heater is not in use 
(i.e., for units where turning the control to 
the OFF position will shut off the electrical 
supply to the heater). This provision applies 
only if an instruction to turn off the unit is 
provided on the heater (e.g., by label) by the 
manufacturer. 

3. Calculations. 

3.1 Annual energy consumption for primary 
electric heaters. For primary electric heaters, 
calculate the annual energy consumption 
(EE) expressed in kilowatt-hours per year and 
defined as: 

EE = 2080(0.77)DHR 

where: 
2080 = national average annual heating load 

hours 
0.77 = adjustment factor 
DHR = design heating requirement and is 

equal to PE /1.2 in kilowatts. 
PE = as defined in 2.1 of this appendix 
1.2 = typical oversizing factor for primary 

electric heaters 

3.2 Annual energy consumption for primary 
electric heaters by geographic region of the 
United States. For primary electric heaters, 
calculate the annual energy consumption by 
geographic region of the United States (ER) 
expressed in kilowatt-hours per year and de-
fined as: 

ER = HLH(0.77) (DHR) 

where: 
HLH = heating load hours for a specific re-

gion determined from Figure 1 of this ap-
pendix in hours 
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0.77 = as defined in 3.1 of this appendix 
DHR = as defined in 3.1 of this appendix 

3.3 Rated output for electric heaters. Cal-
culate the rated output (Qout) for electric 
heaters, expressed in Btu’s per hour, and de-
fined as: 

Qout = PE (3,412 Btu/kWh) 

where: 

PE = as defined in 2.1 of this appendix 

3.4 Rated output for unvented heaters using 
either natural gas, propane, or oil. For 
unvented heaters using either natural gas, 
propane, or oil equipped without auxiliary 

electrical systems, the rated output (Qout), 
expressed in Btu’s per hour, is equal to PF, as 
determined in section 2.2 of this appendix. 

For unvented heaters using either natural 
gas, propane, or oil equipped with auxiliary 
electrical systems, calculate the rated out-
put (Qout), expressed in Btu’s per hour, and 
defined as: 

Qout = PF + PA (3,412 Btu/kWh) 

where: 

PF = as defined in 2.2 of this appendix in Btu/ 
hr 

PA = as defined in 2.1 of this appendix in Btu/ 
hr 

(Energy Policy and Conservation Act, Pub. L. 94–163, as amended by Pub. L. 94–385; Federal 
Energy Administration Act of 1974, Pub. L. 93–275, as amended by Pub. L. 94–385; Department 
of Energy Organization Act, Pub. L. 95–91; E.O. 11790, 39 FR 23185) 

[43 FR 20132, May 10, 1978. Redesignated and amended at 44 FR 37938, June 29, 1979; 49 FR 12157, 
Mar. 28, 1984; 77 FR 74571, Dec. 17, 2012] 
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APPENDIX H TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE POWER CONSUMP-
TION OF TELEVISION SETS 

NOTE: After April 23, 2014, any representa-
tions made with respect to the energy use or 
efficiency of televisions must be made in ac-
cordance with the results of testing pursuant 
to this appendix. Given that after April 23, 
2014 representations with respect to the en-
ergy use or efficiency of televisions must be 
made in accordance with tests conducted 
pursuant to this appendix, manufacturers 
may wish to begin using this test procedure 
as soon as possible. 

1. SCOPE 

This appendix covers the test requirements 
used to measure the energy and power con-
sumption of television sets that: 

(i) Have a diagonal screen size of at least 
fifteen inches; and 

(ii) Are powered by mains power (including 
TVs with auxiliary batteries but not TVs 
with main batteries). 

2. DEFINITIONS AND SYMBOLS 

2.1. Additional functions shall be defined 
using the additional functions definition in 
section 3.1.1 of IEC 62087 Ed. 3.0 (incorporated 
by reference, see § 430.3). 

2.2. Auxiliary Battery means a battery capa-
ble of powering a clock or retaining TV set-
tings but is incapable of powering the TV to 
produce dynamic video. 

2.3. Brightest selectable preset picture setting 
means the preset picture setting in which 
the television produces the highest screen lu-
minance within either the home or retail 
configuration. 

2.4. Default picture setting means the preset 
picture setting that the TV enters into im-
mediately after making a selection from the 
forced menu. If the TV does not have a 
forced menu, this is the as-shipped preset 
picture setting. 

2.5. Forced menu means a series of menus 
which require the selection of initial set-
tings before allowing the user to utilize pri-
mary functions. Within these menus con-
tains an option to choose the viewing envi-
ronment between retail and home configura-
tions. 

2.6. Home configuration means the TV con-
figuration selected from the forced menu 
which is designed for typical consumer view-
ing and is recommended by the manufacturer 
for home environments. 

2.7. IEC 62087 Ed. 3.0 means the test stand-
ard published by the International Electro-
technical Commission, entitled ‘‘Methods of 
measurement of the power consumption of 
audio, video, and related equipment,’’ IEC 
62087 Ed. 3.0 (incorporated by reference, see 
§ 430.3). 

2.8. IEC 62087 Ed. 3.0 Blu-ray DiscTM Dy-
namic Broadcast-Content Video Signal means 
the test video content published by the 
International Electrotechnical Commission, 
entitled ‘‘IEC 62087 Ed. 3.0, video 
contentlBD, video content for IEC 62087 Ed. 
3.0 on Blu-rayTM Disc,’’ IEC 62087 Ed. 3.0 (in-
corporated by reference, see § 430.3). 

2.9. IEC 62301 Ed. 2.0 means the test stand-
ard published by the International Electro-
technical Commission, entitled ‘‘Household 
electrical appliances—Measurement of 
standby power,’’ IEC 62301 Ed. 2.0 (incor-
porated by reference, see § 430.3). 

2.10. Illuminance means the luminous flux 
per unit area of light illuminating a given 
surface, expressed in units of lux (lx). 

2.11. Luminance means the photometric 
measure of the luminous intensity per unit 
area of light traveling in a given direction, 
expressed in units of candelas per square 
meter (cd/m2). 

2.12. Main battery means a battery capable 
of powering the TV to produce dynamic 
video without the support of mains power. 

2.13. Off mode means the mode of operation 
in which the TV is connected to mains 
power, produces neither sound nor picture, 
and cannot be switched into any other mode 
of operation with the remote control unit, an 
internal signal, or external signal. 

2.14. On mode means the mode of operation 
in which the TV is connected to mains 
power, and is capable of producing dynamic 
video. 

2.15. Preset picture setting means a 
preprogrammed factory setting obtained 
from the TV menu with pre-determined pic-
ture parameters such as brightness, con-
trast, color, sharpness, etc. Preset picture 
settings can be selected within the home or 
retail mode. 

2.16. Retail configuration means the TV con-
figuration selected from the forced menu 
which is designed to highlight the TV’s fea-
tures in a retail environment. This configu-
ration may display demos, disable 
configurable settings, or increase screen 
brightness in a manner which is not desir-
able for typical consumer viewing. 

2.17. Special functions shall be defined using 
the definition in section 3.1.18 of IEC 62087 
Ed. 3.0 (incorporated by reference, see § 430.3). 

2.18. Standby-passive mode means the mode 
of operation in which the TV is connected to 
mains power, produces neither sound nor pic-
ture, and can be switched into another mode 
with only the remote control unit or an in-
ternal signal. 

2.19. Standby-active, high mode means the 
mode of operation in which the TV is con-
nected to mains power, produces neither 
sound nor picture, is exchanging/receiving 
data with/from an external source, and can 
be switched into another mode of operation 
with the remote control unit, an internal 
signal, or an external signal. 
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2.20. Standby-active, low mode means the 
mode of operation in which the TV is con-
nected to mains power, produces neither 
sound nor picture, can be switched into an-
other mode with the remote control unit or 
an internal signal, and can additionally be 
switched into another mode with an external 
signal. 

2.21. Symbol usage. The following identity 
relationships are provided to help clarify the 
symbols used throughout this test procedure. 
ABC—Automatic Brightness Control 
AEC—Annual Energy Consumption 
BD—Blu-ray DiscTM 
DVD—Digital Versatile DiscTM 
DVI—Digital Visual Interface 
HDMI®—High Definition Multimedia Inter-

face 
Lbrightest—Screen luminance in brightest se-

lectable preset picture setting within the 
home configuration 

Ldefault—Screen luminance in default picture 
setting within the home configuration 

Ldefault—retail—Screen luminance in default pic-
ture setting within the retail configuration 

LAN—Local Area Network 
Pon—Power consumed in on mode 
P3—Average power consumed in on mode, 

ABC enabled, 3 lx 
P12—Average power consumed in on mode, 

ABC enabled, 12 lx 
P35—Average power consumed in on mode, 

ABC enabled, 35 lx 
P100—Average power consumed in on mode, 

ABC enabled, 100 lx 
Pstandby-passive—Power consumption in standby- 

passive mode 
Pstandby-active, low—Power consumption in stand-

by-active, low mode 
Poff—Power consumption in off mode 
STB—Set-top Box 
THD—Total Harmonic Distortion 
TV—Television Set 
USB—Universal Serial Bus 
W3—Percent weighting for on mode, ABC en-

abled, 3 lx 
W12—Percent weighting for on mode, ABC 

enabled, 12 lx 
W35—Percent weighting for on mode, ABC 

enabled, 35 lx 
W100—Percent weighting for on mode, ABC 

enabled, 100 lx 
WAN—Wide Area Network 

3. ACCURACY AND PRECISION OF MEASUREMENT 
EQUIPMENT 

3.1. Voltage and Frequency. Set the test 
voltage and frequency to the rated electrical 
supply values of the region in accordance 
with Table 1 in section 4.3.1 of IEC 62301 Ed. 
2.0 

3.2. Power Supply Requirements. The TV 
power use shall be measured using a power 
supply that meets the specifications found in 
section 4.3.1 of IEC 62301 Ed. 2.0 (incorporated 
by reference, see § 430.3). The THD of the sup-
ply voltage shall not exceed 5%, inclusive to 

the 13th order harmonic, when the unit is 
under test. 

3.3. Power Meter Requirements. The power 
measurement shall be carried out directly by 
means of a wattmeter, a wattmeter with 
averaging function, or a watt-hour meter by 
dividing the reading by the measuring time. 
For TVs where the input video signal varies 
over time, use a wattmeter with an aver-
aging function to carry out the measure-
ment. 

3.3.1. The sampling rate of the watt-hour 
meter or wattmeter with averaging function 
shall be one measurement per second or 
more frequent. 

3.3.2. The power measurement instrument 
shall measure and record the power factor 
and the real power consumed during all on 
mode tests at the same sampling rate. 

3.3.3. Power measurements of 0.5 W or 
greater shall be made with an uncertainty of 
less than or equal to 2 percent (at the 95 per-
cent confidence level). Measurements of 
power of less than 0.5 W shall be made with 
an uncertainty of less than or equal to 0.01 W 
(at the 95 percent confidence level). The 
power measurement instrument shall have a 
resolution of: 

0.01 W or better for power measurements of 
10 W or less; 

0.1 W or better for power measurements of 
greater than 10 W up to 100 W; 

1 W or better for power measurements of 
greater than 100 W. 

3.4. Luminance Meter Requirements. Contact 
or non-contact luminance meters shall have 
an accuracy of ± 2 percent ± 2 digits of the 
digitally displayed value. Non-contact me-
ters are also required to have an acceptance 
angle of 3 degrees or less. 

3.5. Illuminance Meter Requirements. All illu-
minance meters shall have an accuracy of ± 
2 percent ± 2 digits of the digitally displayed 
value. 

3.6. Video Input Device. The video input de-
vice (i.e. BD player) shall be capable of de-
coding a BD signal. The video input device 
manufacturer shall be different from the 
manufacturer of the TV under test to pre-
vent device interaction. 

4. TEST ROOM SET-UP 

4.1. Ambient Temperature Conditions. For all 
testing, maintain ambient temperature con-
ditions in accordance with in section 11.4.1 of 
IEC 62087 Ed. 3.0 (incorporated by reference, 
see § 430.3). 

4.2. Ambient Relative Humidity Conditions. 
For all testing, maintain the ambient rel-
ative humidity between 10 and 80 percent. 

4.3. Room Illuminance Level. All luminance 
testing (with a non-contact meter) and on 
mode testing (with ABC enabled by default) 
shall be performed in a room which measures 
less than or equal to 1.0 lx measured at the 
ABC sensor while the TV is in off or a stand-
by mode. If the TV does not have an ABC 
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sensor, measure at the bottom center of the 
TV bezel. 

4.4. Installation. Install the TV in accord-
ance with manufacturer’s instructions. 

4.5. TV Placement. TVs which have an ABC 
sensor enabled by default shall be placed at 
least 0.5 meters away from any wall surface 
(i.e. wall, ceiling, and floor). This does not 
include the furnishings which the TV may be 
placed on or the wall which the back of the 
TV faces. All four corners of the face of the 
TV shall be placed equidistant from a 
vertical reference plane (e.g. wall). 

5. TV AND VIDEO SIGNAL CONFIGURATION 

5.1. Additional Functions. The TV shall be 
set up according to the requirements in sec-

tion 11.4.5 of IEC 62087 Ed. 3.0 (incorporated 
by reference, see § 430.3). 

5.2. Video Connection Priority. The TV and 
the video input device shall be connected 
using an HDMI input cable. If the TV does 
not have an HDMI input terminal, the speci-
fied input terminals shall be used in the fol-
lowing order: Component video, S-video, and 
Composite video. 

5.3. Input Terminal. If the TV has multiple 
input terminals of the same type (i.e. HDMI 
1, HDMI 2), testing shall only be performed 
using any input terminal designed for view-
ing live TV or dynamic content from a BD 
player or STB, not from an input designed 
for an alternative purpose. Examples 1 and 2 
provide visual explanations of this require-
ment. 

5.4. Special Functions. The TV shall be set 
up according to the requirements in section 
11.4.6 of IEC 62087 Ed. 3.0 (incorporated by 
reference, see § 430.3). 

5.5. Special Function Configuration. If at any 
time during on mode operation a message 
prompt is displayed requesting the configu-
ration of special functions, the most power 
consumptive configuration shall be selected. 
If it is unknown which configuration yields 
the most power consumptive state, verify 

the selection by measuring the power con-
sumption of each possible configuration. 

NOTE: The selection of the home or retail 
configuration within the forced menu is not 
considered the configuration of a special 
function, and is therefore exempt from this 
requirement. 

5.6. On Mode Picture Setting. Ensure that 
the TV is in the default picture setting with-
in the home configuration for all on mode 
tests. This picture setting shall only be 
changed as instructed by the luminance test. 
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5.7. Video Aspect Ratio. The input video sig-
nal shall be configured in accordance with 
section 11.4.9 of IEC 62087 Ed. 3.0 (incor-
porated by reference; see § 430.3) 

5.8. Frame Rate. The video frame rate shall 
be selected in accordance with section 11.4.10 
of IEC 62087 Ed. 3.0 (incorporated by ref-
erence; see § 430.3) 

5.9. Sound level. The TV sound level shall be 
configured in accordance with section 11.4.11 
of IEC 62087 Ed. 3.0 (incorporated by ref-
erence; see § 430.3) 

5.10. Network Connection Configuration. 
5.10.1. Network Connections and Capabilities. 

Network connections should be listed in the 
user manual. If no connections are specified 
in the user manual, verify that the TV does 
not have network capabilities by checking 
for the absence of physical connections and 
the absence of network settings in the menu. 
If the TV has the capability to be connected 
to a network but was not shipped with a re-
quired piece of hardware (e.g. wireless adapt-
er), that connection type shall not be tested. 

5.10.2. Network Configuration. If the TV is 
network enabled, connect it to a LAN in on 
mode and prior to being placed into standby 
mode. The LAN shall allow devices to ping 
other devices on the network but will not 
allow access to a WAN. If the TV has mul-
tiple network connections (e.g., Wi-Fi and 
Ethernet), the TV shall be configured and 
connected to a single network source in ac-
cordance with the hierarchy of connections 
listed in Table 1 of this section. 

TABLE 1—NETWORK CONNECTION HIERARCHY 

Priority Network connection type 

1 ................... Wi-Fi (Institution of Electrical and Electronics 
Engineers—IEEE 802.11–20072) 

2 ................... Ethernet (IEEE 802.3). If the TV supports En-
ergy Efficient Ethernet (IEEE 802.3az– 
20103), then it shall be connected to a de-
vice that also supports IEEE 802.3az. 

6. CALCULATION OF AVERAGE POWER 
CONSUMPTION 

6.1. Average Power Calculation. For all tests 
in the on, standby-active, low, and standby- 
passive modes, the average power shall be 
calculated using one of the following two 
methods: 

6.1.1. Record the accumulated energy (Ei) 
in kilo-watt hours (kWh) consumed over the 
time period specified for each test (Ti). The 
average power consumption is calculated as 
Pi = Ei/Ti. 

6.1.2. Record the average power consump-
tion (Pi) by sampling the power at a rate of 
at least 1 sample per second and computing 
the arithmetic mean of all samples over the 
time period specified for each test (Ti). 

The resulting average power consumption 
value for each mode of operation shall be 
rounded according to the accurary require-

ments specified in section 3.3.3 of this sec-
tion. 

7. Test Measurements. 
7.1. On Mode Test. 
7.1.1. On Mode Stabilization. If the TV has 

an ABC sensor enabled by default, direct at 
least 300 lx into the ABC sensor. The TV 
shall be stabilized prior to testing on mode 
using the IEC 62087 Ed. 3.0 Blu-ray DiscTM 
dynamic broadcast-content video signal in 
accordance with section 11.4.2 of IEC 62087 
Ed. 3.0 (incorporated by reference, see § 430.3). 

7.1.2. On Mode Test for TVs without ABC En-
abled by Default. The following test shall be 
performed if the TV is shipped with ABC dis-
abled by default or the ABC function is un-
available. Display the IEC 62087 Ed. 3.0 Blu- 
ray DiscTM dynamic broadcast-content video 
signal for one 10-minute period (incorporated 
by reference, see § 430.3). Measure and record 
the average power consumption value over 
the test duration as Pon. 

7.1.3. On Mode Test for TVs with ABC En-
abled by Default. The following test shall be 
performed if the TV is shipped with ABC en-
abled by default: 

7.1.3.1. Illuminance Values. Display the IEC 
62087 Ed. 3.0 Blu-ray DiscTM dynamic broad-
cast-content video signal for one 10-minute 
period (incorporated by reference, see § 430.3) 
with 100 lx (± 5 lx) entering the ABC sensor. 
Measure and record the average power con-
sumption value over the test duration as 
P100. Repeat the measurements with 35 lx (± 
2 lx), 12 lx (± 1 lx), and 3 lux (± 1 lx) entering 
the ABC sensor and record the values as P35, 
P12, and P3 respectively. Testing shall be per-
formed from the brightest to dimmest illu-
minance value and the values shall be 
changed by varying the input voltage to the 
light source. 

NOTE: The 3 lx illuminance value shall be 
simulated using a 67 mm 2 F-stop neutral 
density filter. 12 lx is measured at the ABC 
sensor prior to the application of the neutral 
density filter. 

7.1.3.2. On Mode Power Calculation. All illu-
minance values shall be weighted equally 
when calculating the on mode power for a 
TV with ABC enabled by default and shall be 
determined by the following equation: 
Pon = P100 * W100 + P35 * W35 + P12 * W12 + P3 

* W3 
Where: 

W100 = W35 = W12 = W3 = 0.25 
7.1.3.3. Lamp Requirements. A standard spec-

trum, halogen incandescent aluminized re-
flector lamp with a lamp diameter of 95 mm 
(±10 mm), a beam angle of 30 degrees (± 10 de-
grees), and a center beam candlepower of 1500 
cd (± 500 cd) shall be positioned in front of 
the ABC sensor so that the light is directed 
into the sensor. 

NOTE: Lamps with spectrum modifying 
qualities, such as an IR coating, are not con-
sidered to meet a standard spectrum. 
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7.1.3.4. Light Source Set-up. The center of 
the lamp shall measure 1.5 m (±0.1 m) from 
the center of the ABC sensor. The light 
source shall be aligned ensuring that the 
center focal point of the lamp is perpen-
dicular to the center of the ABC sensor. 

7.1.3.5. Illuminance Measurement. The room 
illuminance shall be measured at the sensor 
in the direction of the light source while the 
TV is on and displaying the first menu from 
the IEC 62087 Ed. 3.0 Blu-ray DiscTM dynamic 
broadcast-content video signal. 

7.2. Luminance Test. 
7.2.1. Luminance Test Set-up. 
7.2.1.1. Picture Setting Set-up. When 

transitioning from the on mode power con-
sumption test to the luminance test, the TV 
shall remain in the default picture setting 
within the home configuration for the first 
luminance measurement. 

7.2.1.2. ABC Configuration. The ABC sensor 
shall be disabled at all times during the lu-
minance test. If the ABC sensor is incapable 
of being disabled through the TV settings 
menu, direct at least 300 lx of light into the 
ABC sensor. 

7.2.1.3. Stabilization. Prior to the first lumi-
nance measurement, the TV must undergo a 
10-minute re-stabilization period using the 
IEC 62087 Ed. 3.0 Blu-ray DiscTM dynamic 
broadcast-content video signal. 

7.2.2. Luminance Meter Set-up. Align the lu-
minance meter perpendicular to the center 
of the TV screen. If a non-contact luminance 
meter is used to measure the screen lumi-
nance, the luminance measurement shall be 
taken at a distance capable of meeting the 
meter specifications outlined in section 3.1.3, 
and in accordance with the meter’s user 
manual. 

7.2.3. Three Vertical Bar Signal Measurement. 
The IEC 62087 Ed. 3.0 three vertical bar sig-
nal found in section 11.5.5 of IEC 62087 Ed. 3.0 
(incorporated by reference, see § 430.3) shall 
be displayed for no more than 5 seconds when 
each luminance measurement is taken. The 
luminance measurement taken in the default 
picture setting within the home configura-
tion shall be recorded as LDefault—Home. 

7.2.4. Luminance in the Brightest Selectable 
Preset Picture Setting. Using the IEC 62087 Ed. 
3.0 three vertical bar signal, determine the 
brightest selectable preset picture setting 
within the home configuration. Measure and 
record the screen luminance in the brightest 
selectable preset picture setting as 
LBrightest—Home. 

7.2.5. Retail Configuration Luminance Meas-
urement. If the TV has a retail configuration 
and the retail configuration is acceptable for 
making a luminance measurement, measure 
and record the screen luminance in the de-
fault picture setting within the retail con-
figuration as LDefault—Retail. A retail configura-
tion is considered acceptable for a luminance 
measurement if the TV does not display a 
demo or ticker which alters the screen con-

tent, or if such features are present, they 
must be capable of being disabled for the en-
tire re-stabilization period and measure-
ment. 

7.3. Standby Mode Test. 
7.3.1. Video Input Device. The video input 

device shall be disconnected from the TV for 
all testing in standby mode. 

7.3.2. Standby-Passive Mode. The standby- 
passive mode test shall be performed accord-
ing to section 5.3.1 of IEC 62301 Ed. 2.0 (incor-
porated by reference, see § 430.3). Measure 
and record the average power consumption 
value over the test duration as Pstandby-passive. 

7.3.3. Standby-Active, Low Mode. The stand-
by-active, low mode shall only be tested if 
the TV is capable of connecting to a network 
and is capable of entering this mode of oper-
ation. The standby-active, low mode test 
shall be performed according to section 5.3.1 
of IEC 62301 Ed. 2.0 (incorporated by ref-
erence, see § 430.3). Measure and record the 
average power consumption value over the 
test duration as Pstandby-active,low. 

7.4. Off Mode Test. 
7.4.1. The off mode test shall be performed 

according to section 5.3.1 of IEC 62301 Ed. 2.0 
(incorporated by reference, see § 430.3). Meas-
ure and record the average power consump-
tion value over the test duration as Poff. 

8. ANNUAL ENERGY CONSUMPTION 

8.1. Input Value. The annual energy con-
sumption (AEC) of the TV shall be calculated 
using on mode, standby mode, and off mode 
power consumption values as measured pur-
suant to section 7.1, 7.3, and 7.4 respectively. 

8.2. Rounding. Calculate the AEC of the TV 
using the equation below. The calculated 
AEC value shall be rounded as follows: 

If the calculated AEC value is 100 kWh or 
less, the rated value shall be rounded to the 
nearest tenth of a kWh; 

If the calculated AEC value is greater than 
100 kWh, the rated value shall be rounded to 
the nearest kWh. 

8.3. Calculations. Express the AEC in kWh 
per year, according to the following: 
AEC = 365 * (Pon * Hon + Pstandby-active, low * 

Hstandby-active, low + Pstandby-passive * Hstandby-passive 
+ Poff * Hoff)/1000 

Where: 
Pm = power measured in a given mode m (in 

Watts) 
Hm = hours per day spent in mode m 
365 = conversion factor from daily to year-

ly 
1000 = conversion factor from watts to kilo-

watts 

Values for Hm (in hours/day) are specified 
in Table 2 of this section: 
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TABLE 2—HOURLY WEIGHTINGS 

Standby- 
active, low 

mode 
Hon Hstandby-active, 

low Hstandby-passive Hoff 

Yes .......... 5 19 0 0 
No ............ 5 0 19 0 

[78 FR 63841, Oct. 25, 2013] 

APPENDIX I TO SUBPART B OF PART 430— 
UNIFORM TEST METHOD FOR MEAS-
URING THE ENERGY CONSUMPTION OF 
CONVENTIONAL RANGES, CONVEN-
TIONAL COOKING TOPS, CONVEN-
TIONAL OVENS, AND MICROWAVE 
OVENS 

NOTE: Any representation made after April 
29, 2013 related to standby mode and off mode 
energy consumption of conventional ranges, 
conventional cooking tops, and conventional 
ovens, or after July 17, 2013 for standby and 
off mode energy consumption of microwave 
ovens, must be based upon results generated 
under this test procedure. 

Any representation related to standby 
mode and off mode energy consumption of 
microwave ovens made between February 19, 
2013 and July 17, 2013 may be based upon re-
sults generated under this test procedure or 
upon the test procedure as it appeared at 10 
CFR part 430, subpart B, appendix I as con-
tained in the 10 CFR parts 200 to 499 edition 
revised as of January 1, 2012. 

Upon the compliance date(s) of any energy 
conservation standard(s) for conventional 
ranges, conventional cooking tops, conven-
tional ovens, and microwave ovens that in-
corporates standby mode and off mode en-
ergy consumption, use of the applicable pro-
visions of this test procedure to demonstrate 
compliance with the energy conservation 
standard will also be required. 

1. DEFINITIONS 

1.1 Active mode means a mode in which the 
product is connected to a mains power 
source, has been activated, and is performing 
the main functions of producing heat by 
means of a gas flame, electric resistance 
heating, or microwave energy, or circulating 
air internally or externally to the cooking 
product. Delay start mode is a one-off, user- 
initiated, short-duration function that is as-
sociated with an active mode. 

1.2 Built-in means the product is supported 
by surrounding cabinetry, walls, or other 
similar structures. 

1.3 Combined low-power mode means the ag-
gregate of available modes other than active 
mode, but including the delay start mode 
portion of active mode. 

1.4 Cycle finished mode means a standby 
mode in which a conventional cooking top, 
conventional oven, or conventional range 

provides continuous status display following 
operation in active mode. 

1.5 Drop-in means the product is supported 
by horizontal surface cabinetry. 

1.6 Fan-only mode means an active mode 
that is not user-selectable and in which a fan 
circulates air internally or externally to the 
cooking product for a finite period of time 
after the end of the heating function, where 
the end of the heating function is indicated 
to the consumer by means of a display, indi-
cator light, or audible signal. 

1.7 Forced convection means a mode of con-
ventional oven operation in which a fan is 
used to circulate the heated air within the 
oven compartment during cooking. 

1.8 Freestanding means the product is not 
supported by surrounding cabinetry, walls, 
or other similar structures. 

1.9 IEC 62301 (First Edition) means the test 
standard published by the International 
Electrotechnical Commission, titled 
‘‘Household electrical appliances—Measure-
ment of standby power,’’ Publication 62301 
(First Edition 2005–06) (incorporated by ref-
erence; see § 430.3). 

1.10 IEC 62301 (Second Edition) means the 
test standard published by the International 
Electrotechnical Commission, titled 
‘‘Household electrical appliances—Measure-
ment of standby power,’’ Publication 62301 
(Edition 2.0 2011–01) (incorporated by ref-
erence; see § 430.3). 

1.11 Inactive mode means a standby mode 
that facilitates the activation of active mode 
by remote switch (including remote control), 
internal sensor, or timer, or that provides 
continuous status display. 

1.12 Normal non-operating temperature means 
the temperature of all areas of an appliance 
to be tested are within 5 °F (2.8 °C) of the 
temperature that the identical areas of the 
same basic model of the appliance would at-
tain if it remained in the test room for 24 
hours while not operating with all oven 
doors closed. 

1.13 Off mode means a mode in which the 
product is connected to a mains power 
source and is not providing any active mode 
or standby mode function, and where the 
mode may persist for an indefinite time. An 
indicator that only shows the user that the 
product is in the off position is included 
within the classification of an off mode. 

1.14 Primary energy consumption means ei-
ther the electrical energy consumption of a 
conventional electric oven or the gas energy 
consumption of a conventional gas oven. 

1.15 Secondary energy consumption means 
any electrical energy consumption of a con-
ventional gas oven. 

1.16 Standard cubic foot (or liter (L)) of gas 
means that quantity of gas that occupies 1 
cubic foot (or alternatively expressed in L) 
when saturated with water vapor at a tem-
perature of 60 °F (15.6 °C) and a pressure of 30 
inches of mercury (101.6 kPa) (density of 
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mercury equals 13.595 grams per cubic centi-
meter). 

1.17 Standby mode means any mode in 
which a conventional cooking top, conven-
tional oven, conventional range, or micro-
wave oven is connected to a main power 
source and offers one or more of the fol-
lowing user-oriented or protective functions 
which may persist for an indefinite time: (a) 
facilitation of the activation of other modes 
(including activation or deactivation of ac-
tive mode) by remote switch (including re-
mote control), internal sensor, or timer; (b) 
provision of continuous functions, including 
information or status displays (including 
clocks) or sensor-based functions. A timer is 
a continuous clock function (which may or 
may not be associated with a display) that 
allows for regularly scheduled tasks and that 
operates on a continuous basis. 

1.18 Thermocouple means a device con-
sisting of two dissimilar metals which are 
joined together and, with their associated 
wires, are used to measure temperature by 
means of electromotive force. 

1.19 Symbol usage. The following identity 
relationships are provided to help clarify the 
symbology used throughout this procedure. 
A—Number of Hours in a Year 
C—Specific Heat 
E—Energy Consumed 
Eff—Cooking Efficiency 
H—Heating Value of Gas 
K—Conversion for Watt-hours to Kilowatt- 

hours 
Ke—3.412 Btu/Wh, Conversion for Watt-hours 

to Btu’s 
M—Mass 
n—Number of Units 
O—Annual Useful Cooking Energy Output 
P—Power 
Q—Gas Flow Rate 
R—Energy Factor, Ratio of Useful Cooking 

Energy Output to Total Energy Input 
S—Number of Self-Cleaning Operations per 

Year 
T—Temperature 
t—Time 
V—Volume of Gas Consumed 
W—Weight of Test Block 

2. TEST CONDITIONS 

2.1 Installation. A free standing kitchen 
range shall be installed with the back di-
rectly against, or as near as possible to, a 
vertical wall which extends at least 1 foot 
above and on either side of the appliance. 
There shall be no side walls. A drop-in, built- 
in, or wall-mounted appliance shall be in-
stalled in an enclosure in accordance with 
the manufacturer’s instructions. These ap-
pliances are to be completely assembled with 
all handles, knobs, guards, and the like 
mounted in place. Any electric resistance 
heaters, gas burners, baking racks, and baf-
fles shall be in place in accordance with the 

manufacturer’s instructions; however, broil-
er pans are to be removed from the oven’s 
baking compartment. 

2.1.1 Conventional electric ranges, ovens, and 
cooking tops. These products shall be con-
nected to an electrical supply circuit with 
voltage as specified in section 2.2.1 of this ap-
pendix with a watt-hour meter installed in 
the circuit. The watt-hour meter shall be as 
described in section 2.9.1.1 of this appendix. 
For standby mode and off mode testing, 
these products shall also be installed in ac-
cordance with Section 5, Paragraph 5.2 of 
IEC 62301 (Second Edition) (incorporated by 
reference; see § 430.3), disregarding the provi-
sions regarding batteries and the determina-
tion, classification, and testing of relevant 
modes. 

2.1.2 Conventional gas ranges, ovens, and 
cooking tops. These products shall be con-
nected to a gas supply line with a gas meter 
installed between the supply line and the ap-
pliance being tested, according to manufac-
turer’s specifications. The gas meter shall be 
as described in section 2.9.2 of this appendix. 
Conventional gas ranges, ovens, and cooking 
tops with electrical ignition devices or other 
electrical components shall be connected to 
an electrical supply circuit of nameplate 
voltage with a watt-hour meter installed in 
the circuit. The watt-hour meter shall be as 
described in section 2.9.1.1 of this appendix. 
For standby mode and off mode testing, 
these products shall also be installed in ac-
cordance with Section 5, Paragraph 5.2 of 
IEC 62301 (Second Edition) (incorporated by 
reference; see § 430.3), disregarding the provi-
sions regarding batteries and the determina-
tion, classification, and testing of relevant 
modes. 

2.1.3 Microwave ovens. Install the micro-
wave oven in accordance with the manufac-
turer’s instructions and connect to an elec-
trical supply circuit with voltage as speci-
fied in section 2.2.1 of this appendix. The 
microwave oven shall also be installed in ac-
cordance with Section 5, Paragraph 5.2 of 
IEC 62301 (Second Edition) (incorporated by 
reference; see § 430.3), disregarding the provi-
sions regarding batteries and the determina-
tion, classification, and testing of relevant 
modes. A watt meter shall be installed in the 
circuit and shall be as described in section 
2.9.1.3 of this appendix. 

2.2 Energy supply. 
2.2.1 Electrical supply. 
2.2.1.1 Voltage. Maintain the electrical sup-

ply to the conventional range, conventional 
cooking top, and conventional oven being 
tested at 240/120 volts ±2 percent except that 
basic models rated only at 208/120 volts shall 
be tested at that rating ±2 percent. For 
microwave oven testing, maintain the elec-
trical supply to the unit at 240/120 volts ±1 
percent. Maintain the electrical supply fre-
quency for all products at 60 hertz ±1 per-
cent. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00408 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



399 

Department of Energy Pt. 430, Subpt. B, App. I 

2.2.1.2 Supply voltage waveform. For the 
standby mode and off mode testing, maintain 
the electrical supply voltage waveform as in-
dicated in Section 4, Paragraph 4.3.2 of IEC 
62301 (Second Edition) (incorporated by ref-
erence; see § 430.3). For microwave oven 
standby mode and off mode testing, if the 
power measuring instrument used for testing 
is unable to measure and record the total 
harmonic content during the test measure-
ment period, it is acceptable to measure and 
record the total harmonic content imme-
diately before and after the test measure-
ment period. 

2.2.2.1 Gas burner adjustments. Conventional 
gas ranges, ovens, and cooking tops shall be 
tested with all of the gas burners adjusted in 
accordance with the installation or oper-
ation instructions provided by the manufac-
turer. In every case, the burner must be ad-
justed with sufficient air flow to prevent a 
yellow flame or a flame with yellow tips. 

2.2.2.2 Natural gas. For testing convertible 
cooking appliances or appliances which are 
designed to operate using only natural gas, 
maintain the natural gas pressure imme-
diately ahead of all controls of the unit 
under test at 7 to 10 inches of water column 
(1743.6 to 2490.8 Pa). The regulator outlet 
pressure shall equal the manufacturer’s rec-
ommendation. The natural gas supplied 
should have a heating value of approxi-
mately 1,025 Btu’s per standard cubic foot 
(38.2 kJ/L). The actual gross heating value, 
Hn, in Btu’s per standard cubic foot (kJ/L), 
for the natural gas to be used in the test 
shall be obtained either from measurements 
made by the manufacturer conducting the 
test using equipment that meets the require-
ments described in Section 2.9.4 or by the use 
of bottled natural gas whose gross heating 
value is certified to be at least as accurate a 
value that meets the requirements in Sec-
tion 2.9.4. 

2.2.2.3 Propane. For testing convertible 
cooking appliances with propane or for test-
ing appliances which are designed to operate 
using only LP-gas, maintain the propane 
pressure immediately ahead of all controls of 
the unit under test at 11 to 13 inches of water 
column (2740 to 3238 Pa). The regulator out-
let pressure shall equal the manufacturer’s 
recommendation. The propane supplied 
should have a heating value of approxi-
mately 2,500 Btu’s per standard cubic foot 
(93.2 kJ/L). The actual gross heating value, 
Hp, in Btu’s per standard cubic foot (kJ/L), 
for the propane to be used in the test shall be 
obtained either from measurements made by 
the manufacturer conducting the test using 
equipment that meets the requirements de-
scribed in Section 2.9.4 or by the use of bot-
tled propane whose gross heating value is 
certified to be at least as accurate a value 
that meets the requirements described in 
Section 2.9.4. 

2.2.2.4 Test gas. A basic model of a convert-
ible cooking appliance shall be tested with 
natural gas, but may also be tested with pro-
pane. Any basic model of a conventional 
range, conventional cooking top, or conven-
tional oven which is designed to operate 
using only natural gas as the energy source 
must be tested with natural gas. Any basic 
model of a conventional range, conventional 
cooking top, or conventional oven which is 
designed to operate using only LP gas as the 
gas energy source must be tested with pro-
pane gas. 

2.3 Air circulation. Maintain air circulation 
in the room sufficient to secure a reasonably 
uniform temperature distribution, but do not 
cause a direct draft on the unit under test. 

2.4 Setting the conventional oven thermostat. 
2.4.1 Conventional electric oven. Install a 

thermocouple approximately in the center of 
the usable baking space. Provide a tempera-
ture indicator system for measuring the 
oven’s temperature with an accuracy as indi-
cated in Section 2.9.3.2. If the oven thermo-
stat does not cycle on and off, adjust or de-
termine the conventional electric oven ther-
mostat setting to provide an average inter-
nal temperature which is 325° ±5 °F (180.6° 
±2.8 °C) higher than the room ambient air 
temperature. If the oven thermostat oper-
ates by cycling on and off, adjust or deter-
mine the conventional electric oven thermo-
stat setting to provide an average internal 
temperature which is 325° ±5 °F (180.6° ±2.8 °C) 
higher than the room ambient air tempera-
ture. This shall be done by measuring the 
maximum and minimum temperatures in 
any three consecutive cut-off/cut-on actions 
of the electric resistance heaters, excluding 
the initial cut-off/cut-on action, by the ther-
mostat after the temperature rise of 325° ±5 
°F (180.6° ±2.8 °C) has been attained by the 
conventional electric oven. Remove the ther-
mocouple after the thermostat has been set. 

2.4.2 Conventional gas oven. Install five par-
allel-connected weighted thermocouples, one 
located at the center of the conventional gas 
oven’s usable baking space and the other 
four equally spaced between the center and 
the corners of the conventional gas oven on 
the diagonals of a horizontal plane through 
the center of the conventional gas oven. 
Each weighted thermocouple shall be con-
structed of a copper disc that is 1-inch (25.4 
mm) in diameter and 1⁄8-inch (3.2 mm) thick. 
The two thermocouple wires shall be located 
in two holes in the disc spaced 1⁄2-inch (12.7 
mm) apart, with each hole being located 1⁄4- 
inch (6.4 mm) from the center of the disc. 
Both thermocouple wires shall be silver-sol-
dered to the copper disc. Provide a tempera-
ture indicator system for measuring the 
oven’s temperature with an accuracy as indi-
cated in Section 2.9.3.2. If the oven thermo-
stat does not cycle on or off, adjust or deter-
mine the conventional gas oven thermostat 
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setting to provide an average internal tem-
perature which is 325 °±5 °F (180.6 °±2.8 °C) 
higher than the room ambient air tempera-
ture. If the oven thermostat operates by cy-
cling on and off, adjust or determine the con-
ventional gas oven thermostat setting to 
provide an average internal temperature 
which is 325° ±5 °F (180.6 ±2.8 °C) higher than 
the room ambient air temperature. This 
shall be done by measuring the maximum 
and minimum temperatures in any three 
consecutive cut-off/cut-on actions of the gas 
burners, excluding the initial cut-off/cut-on 
action, by the thermostat after the tempera-
ture rise of 325° ±5 °F (180.6° ±2.8 °C) has been 
attained by the conventional gas oven. Re-
move the thermocouples after the thermo-
stat has been set. 

2.5 Ambient room air temperature. 
2.5.1 Active mode ambient room air tempera-

ture. During the active mode test, maintain 
an ambient room air temperature, TR, of 77° 
±9 °F (25° ±5 °C) for conventional ovens and 
cooking tops, as measured at least 5 feet (1.5 
m) and not more than 8 feet (2.4 m) from the 
nearest surface of the unit under test and ap-
proximately 3 feet (0.9 m) above the floor. 
The temperature shall be measured with a 
thermometer or temperature indicating sys-
tem with an accuracy as specified in section 
2.9.3.1. 

2.5.2 Standby mode and off mode ambient tem-
perature. For standby mode and off mode 
testing, maintain room ambient air tempera-
ture conditions as specified in Section 4, 
Paragraph 4.2 of IEC 62301 (Second Edition) 
(incorporated by reference; see § 430.3). 

2.6 Normal nonoperating temperature. All 
areas of the appliance to be tested shall at-
tain the normal nonoperating temperature, 
as defined in section 1.12 of this appendix, be-
fore any testing begins. The equipment for 
measuring the applicable normal nonop-
erating temperature shall be as described in 
sections 2.9.3.1, 2.9.3.2, 2.9.3.3, and 2.9.3.4 of 
this appendix, as applicable. 

2.7 Test blocks for conventional oven and 
cooking top. The test blocks shall be made of 
aluminum alloy No. 6061, with a specific heat 
of 0.23 Btu/lb- °F (0.96 kJ/[kg ÷ °C]) and with 
any temper that will give a czoefficient of 
thermal conductivity of 1073.3 to 1189.1 Btu- 
in/h-ft2- °F (154.8 to 171.5 W/[m ÷ °C]). Each 
block shall have a hole at its top. The hole 
shall be 0.08 inch (2.03 mm) in diameter and 
0.80 inch (20.3 mm) deep. The manufacturer 
conducting the test may provide other 
means which will ensure that the thermo-
couple junction is installed at this same po-
sition and depth. 

The bottom of each block shall be flat to 
within 0.002 inch (0.051 mm) TIR (total indi-
cator reading). Determine the actual weight 
of each test block with a scale with an accu-
racy as indicated in Section 2.9.5. 

2.7.1 Conventional oven test block. The test 
block for the conventional oven, W1, shall be 

6.25±0.05 inches (158.8±1.3 mm) in diameter, 
approximately 2.8 inches (71 mm) high and 
shall weigh 8.5±0.1 lbs (3.86±0.05 kg). The 
block shall be finished with an anodic black 
coating which has a minimum thickness of 
0.001 inch (0.025 mm) or with a finish having 
the equivalent absorptivity. 

2.7.2 Small test block for conventional cooking 
top. The small test block, W2, shall be 
6.25±0.05 inches (158.8±1.3 mm) in diameter, 
approximately 2.8 inches (71 mm) high and 
shall weigh 8.5±0.1 lbs (3.86±0.05 kg). 

2.7.3 Large test block for conventional cooking 
top. The large test block for the conventional 
cooking top, W3, shall be 9±0.05 inches 
(228.6±1.3 mm) in diameter, approximately 3.0 
inches (76 mm) high and shall weigh 19±0.1 
lbs (8.62±0.05 kg). 

2.7.4 Thermocouple installation. Install the 
thermocouple such that the thermocouple 
junction (where the thermocouple contacts 
the test block) is at the bottom of the hole 
provided in the test block and that the ther-
mocouple junction makes good thermal con-
tact with the aluminum block. If the test 
blocks are to be water cooled between tests 
the thermocouple hole should be sealed, or 
other steps taken, to insure that the thermo-
couple hole is completely dry at the start of 
the next test. Provide a temperature indi-
cator system for measuring the test block 
temperature with an accuracy as indicated 
in Section 2.9.3.3. 

2.7.5 Initial test block temperature. Maintain 
the initial temperature of the test blocks, TI, 
within ±4 °F (±2.2 °C) of the ambient room air 
temperature as specified in Section 2.5. If the 
test block has been cooled (or heated) to 
bring it to room temperature, allow the 
block to stabilize for at least 2 minutes after 
removal from the cooling (or heating) 
source, before measuring its initial tempera-
ture. 

2.8 [Reserved] 
2.9 Instrumentation. Perform all test meas-

urements using the following instruments, 
as appropriate: 

2.9.1 Electrical Measurements. 
2.9.1.1 Watt-hour meter. The watt-hour 

meter for measuring the electrical energy 
consumption of conventional ovens and 
cooking tops shall have a resolution of 1 
watt-hour (3.6 kJ) or less and a maximum 
error no greater than 1.5 percent of the 
measured value for any demand greater than 
5 watts. The watt-hour meter for measuring 
the energy consumption of microwave ovens 
shall have a resolution of 0.1 watt-hour (0.36 
kJ) or less and a maximum error no greater 
than 1.5 percent of the measured value. 

2.9.1.2 Watt meter. The watt meter used to 
measure the conventional oven, conven-
tional range, or range clock power shall have 
a resolution of 0.2 watt (0.2 J/s) or less and a 
maximum error no greater than 5 percent of 
the measured value. 
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2.9.1.3 Standby mode and off mode watt meter. 
The watt meter used to measure standby 
mode and off mode shall meet the require-
ments specified in Section 4, Paragraph 4.4 of 
IEC 62301 (Second Edition) (incorporated by 
reference; see § 430.3). For microwave oven 
standby mode and off mode testing, if the 
power measuring instrument used for testing 
is unable to measure and record the crest 
factor, power factor, or maximum current 
ratio during the test measurement period, it 
is acceptable to measure the crest factor, 
power factor, and maximum current ratio 
immediately before and after the test meas-
urement period. 

2.9.2 Gas Measurements. 
2.9.2.1 Positive displacement meters. The gas 

meter to be used for measuring the gas con-
sumed by the gas burners of the oven or 
cooking top shall have a resolution of 0.01 
cubic foot (0.28 L) or less and a maximum 
error no greater than 1 percent of the meas-
ured valued for any demand greater than 2.2 
cubic feet per hour (62.3 L/h). 

2.9.3 Temperature measurement equipment. 
2.9.3.1 Room temperature indicating system. 

The room temperature indicating system 
shall be as specified in Section 2.9.3.4 for 
ranges, ovens and cooktops. 

2.9.3.2 Temperature indicator system for meas-
uring conventional oven temperature. The 
equipment for measuring the conventional 
oven temperature shall have an error no 
greater than ±4 °F (±2.2 °C) over the range of 
65° to 500 °F (18 °C to 260 °C). 

2.9.3.3 Temperature indicator system for meas-
uring test block temperature. The system shall 
have an error no greater than ±2 °F (±1.1 °C) 
when measuring specific temperatures over 
the range of 65° to 330 °F (18.3 °C to 165.6 °C). 
It shall also have an error no greater than ±2 
°F (±1.1 °C) when measuring any temperature 
difference up to 240 °F (133.3 °C) within the 
above range. 

2.9.3.4 Temperature indicator system for meas-
uring surface temperatures. The temperature 
of any surface of an appliance shall be meas-
ured by means of a thermocouple in firm 
contact with the surface. The temperature 
indicating system shall have an error no 
greater than ±1 °F (±0.6 °C) over the range 65° 
to 90 °F (18 °C to 32 °C). 

2.9.4 Heating Value. The heating value of 
the natural gas or propane shall be measured 
with an instrument and associated readout 
device that has a maximum error no greater 
than ±0.5% of the measured value and a reso-
lution of ±0.2% or less of the full scale read-
ing of the indicator instrument. The heating 
value of natural gas or propane must be cor-
rected for local temperature and pressure 
conditions. 

2.9.5 Scale. The scale used for weighing the 
test blocks shall have a maximum error no 
greater than 1 ounce (28.4 g). 

3. Test Methods and Measurements 

3.1. Test methods. 
3.1.1 Conventional oven. Perform a test by 

establishing the testing conditions set forth 
in section 2, Test Conditions, of this appendix 
and turn off the gas flow to the conventional 
cooking top, if so equipped. Before beginning 
the test, the conventional oven shall be at 
its normal non-operating temperature as de-
fined in section 1.12 and described in section 
2.6 of this appendix. Set the conventional 
oven test block W1 approximately in the cen-
ter of the usable baking space. If there is a 
selector switch for selecting the mode of op-
eration of the oven, set it for normal baking. 
If an oven permits baking by either forced 
convection by using a fan, or without forced 
convection, the oven is to be tested in each 
of those two modes. The oven shall remain 
on for one complete thermostat ‘‘cut-off/cut- 
on’’ of the electrical resistance heaters or 
gas burners after the test block temperature 
has increased 234 °F (130 °C) above its initial 
temperature. 

3.1.1.1 Self-cleaning operation of a conven-
tional oven. Establish the test conditions set 
forth in section 2, Test Conditions, of this ap-
pendix. Turn off the gas flow to the conven-
tional cooking top. The temperature of the 
conventional oven shall be its normal non- 
operating temperature as defined in section 
1.12 and described in section 2.6 of this ap-
pendix. Then set the conventional oven’s 
self-cleaning process in accordance with the 
manufacturer’s instructions. If the self- 
cleaning process is adjustable, use the aver-
age time recommended by the manufacturer 
for a moderately soiled oven. 

3.1.1.2 Conventional oven standby mode and 
off mode power. Establish the standby mode 
and off mode testing conditions set forth in 
section 2, Test Conditions, of this appendix. 
For conventional ovens that take some time 
to enter a stable state from a higher power 
state as discussed in Section 5, Paragraph 
5.1, Note 1 of IEC 62301 (Second Edition) (in-
corporated by reference; see § 430.3), allow 
sufficient time for the conventional oven to 
reach the lower power state before pro-
ceeding with the test measurement. Follow 
the test procedure as specified in Section 5, 
Paragraph 5.3.2 of IEC 62301 (Second Edition) 
for testing in each possible mode as de-
scribed in 3.1.1.2.1 and 3.1.1.2.2 of this appen-
dix. For units in which power varies as a 
function of displayed time in standby mode, 
set the clock time to 3:23 at the end of the 
stabilization period specified in Section 5, 
Paragraph 5.3 of IEC 62301 (First Edition), 
and use the average power approach de-
scribed in Section 5, Paragraph 5.3.2(a) of 
IEC 62301 (First Edition), but with a single 
test period of 10 minutes +0/¥2 sec after an 
additional stabilization period until the 
clock time reaches 3:33. 
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3.1.1.2.1 If the conventional oven has an in-
active mode, as defined in section 1.11 of this 
appendix, measure and record the average in-
active mode power of the conventional oven, 
PIA, in watts. 

3.1.1.2.2 If the conventional oven has an off 
mode, as defined in section 1.13 of this appen-
dix, measure and record the average off mode 
power of the conventional oven, POM, in 
watts. 

3.1.2 Conventional cooking top. Establish the 
test conditions set forth in section 2, Test 
Conditions, of this appendix. Turn off the gas 
flow to the conventional oven(s), if so 
equipped. The temperature of the conven-
tional cooking top shall be its normal nonop-
erating temperature as defined in section 
1.12 and described in section 2.6 of this ap-
pendix. Set the test block in the center of 
the surface unit under test. The small test 
block, W2, shall be used on electric surface 
units of 7 inches (178 mm) or less in diame-
ter. The large test block, W3, shall be used on 
electric surface units over 7 inches (178 mm) 
in diameter and on all gas surface units. 
Turn on the surface unit under test and set 
its energy input rate to the maximum set-
ting. When the test block reaches 144 °F (80 
°C) above its initial test block temperature, 
immediately reduce the energy input rate to 
25±5 percent of the maximum energy input 
rate. After 15±0.1 minutes at the reduced en-
ergy setting, turn off the surface unit under 
test. 

3.1.2.1 Conventional cooking top standby 
mode and off mode power. Establish the stand-
by mode and off mode testing conditions set 
forth in section 2, Test Conditions, of this ap-
pendix. For conventional cooktops that take 
some time to enter a stable state from a 
higher power state as discussed in Section 5, 
Paragraph 5.1, Note 1 of IEC 62301 (Second 
Edition) (incorporated by reference; see 
§ 430.3), allow sufficient time for the conven-
tional cooking top to reach the lower power 
state before proceeding with the test meas-
urement. Follow the test procedure as speci-
fied in Section 5, Paragraph 5.3.2 of IEC 62301 
(Second Edition) for testing in each possible 
mode as described in sections 3.1.2.1.1 and 
3.1.2.1.2 of this appendix. For units in which 
power varies as a function of displayed time 
in standby mode, set the clock time to 3:23 
at the end of the stabilization period speci-
fied in Section 5, Paragraph 5.3 of IEC 62301 
(First Edition), and use the average power 
approach described in Section 5, Paragraph 
5.3.2(a) of IEC 62301 (First Edition), but with 
a single test period of 10 minutes +0/-2 sec 
after an additional stabilization period until 
the clock time reaches 3:33. 

3.1.2.1.1 If the conventional cooking top has 
an inactive mode, as defined in section 1.11 of 
this appendix, measure and record the aver-
age inactive mode power of the conventional 
cooking top, PIA, in watts. 

3.1.2.1.2 If the conventional cooking top has 
an off mode, as defined in section 1.13 of this 
appendix, measure and record the average off 
mode power of the conventional cooking top, 
POM, in watts. 

3.1.3 Conventional range standby mode and 
off mode power. Establish the standby mode 
and off mode testing conditions set forth in 
section 2, Test Conditions, of this appendix. 
For conventional ranges that take some 
time to enter a stable state from a higher 
power state as discussed in Section 5, Para-
graph 5.1, Note 1 of IEC 62301 (Second Edi-
tion) (incorporated by reference; see § 430.3), 
allow sufficient time for the conventional 
range to reach the lower power state before 
proceeding with the test measurement. Fol-
low the test procedure as specified in Section 
5, Paragraph 5.3.2 of IEC 62301 (Second Edi-
tion) for testing in each possible mode as de-
scribed in sections 3.1.3.1 and 3.1.3.2 of this 
appendix. For units in which power varies as 
a function of displayed time in standby 
mode, set the clock time to 3:23 at the end of 
the stabilization period specified in Section 
5, Paragraph 5.3 of IEC 62301 (First Edition), 
and use the average power approach de-
scribed in Section 5, Paragraph 5.3.2(a) of 
IEC 62301 (First Edition), but with a single 
test period of 10 minutes +0/¥2 sec after an 
additional stabilization period until the 
clock time reaches 3:33. 

3.1.3.1 If the conventional range has an in-
active mode, as defined in section 1.11 of this 
appendix, measure and record the average in-
active mode power of the conventional 
range, PIA, in watts. 

3.1.3.2 If the conventional range has an off 
mode, as defined in section 1.13 of this appen-
dix, measure and record the average off mode 
power of the conventional range, POM, in 
watts. 

3.1.4 Microwave oven. 
3.1.4.1 Microwave oven test standby mode and 

off mode power. Establish the testing condi-
tions set forth in section 2, Test Conditions, of 
this appendix. For microwave ovens that 
drop from a higher power state to a lower 
power state as discussed in Section 5, Para-
graph 5.1, Note 1 of IEC 62301 (Second Edi-
tion) (incorporated by reference; see § 430.3), 
allow sufficient time for the microwave oven 
to reach the lower power state before pro-
ceeding with the test measurement. Follow 
the test procedure as specified in Section 5, 
Paragraph 5.3.2 of IEC 62301 (Second Edition). 
For units in which power varies as a function 
of displayed time in standby mode, set the 
clock time to 3:23 and use the average power 
approach described in Section 5, Paragraph 
5.3.2(a) of IEC 62301 (First Edition), but with 
a single test period of 10 minutes +0/¥2 sec 
after an additional stabilization period until 
the clock time reaches 3:33. If a microwave 
oven is capable of operation in either stand-
by mode or off mode, as defined in sections 
1.17 and 1.13 of this appendix, respectively, or 
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both, test the microwave oven in each mode 
in which it can operate. 

3.2 Test measurements. 
3.2.1 Conventional oven test energy consump-

tion. If the oven thermostat controls the 
oven temperature without cycling on and off, 
measure the energy consumed, EO, when the 
temperature of the block reaches TO (TO is 
234 °F (130 °C) above the initial block tem-
perature, TI). If the oven thermostat oper-
ates by cycling on and off, make the fol-
lowing series of measurements: Measure the 
block temperature, TA, and the energy con-
sumed, EA, or volume of gas consumed, VA, 
at the end of the last ‘‘ON’’ period of the con-
ventional oven before the block reaches TO. 
Measure the block temperature, TB, and the 
energy consumed, EB, or volume of gas con-
sumed, VB, at the beginning of the next 
‘‘ON’’ period. Measure the block tempera-
ture, TC, and the energy consumed, EC, or 
volume of gas consumed, VC, at the end of 
that ‘‘ON’’ period. Measure the block tem-
perature, TD, and the energy consumed, ED, 
or volume of gas consumed, VD, at the begin-
ning of the following ‘‘ON’’ period. Energy 
measurements for EO, EA, EB, EC, and ED 
should be expressed in watt-hours (kJ) for 
conventional electric ovens, and volume 
measurements for VA, VB, VC, and VD should 
be expressed in standard cubic feet (L) of gas 
for conventional gas ovens. For a gas oven, 
measure in watt-hours (kJ) any electrical 
energy, EIO, consumed by an ignition device 
or other electrical components required for 
the operation of a conventional gas oven 
while heating the test block to TO. 

3.2.1.1 Conventional oven average test energy 
consumption. If the conventional oven per-
mits baking by either forced convection or 
without forced convection and the oven ther-
mostat does not cycle on and off, measure 
the energy consumed with the forced convec-
tion mode, (EO)1, and without the forced con-
vection mode, (EO)2, when the temperature of 
the block reaches TO (TO is 234 °F (130 °C) 
above the initial block temperature, TI). If 
the conventional oven permits baking by ei-
ther forced convection or without forced con-
vection and the oven thermostat operates by 
cycling on and off, make the following series 
of measurements with and without the 
forced convection mode: Measure the block 
temperature, TA, and the energy consumed, 
EA, or volume of gas consumed, VA, at the 
end of the last ‘‘ON’’ period of the conven-
tional oven before the block reaches TO. 
Measure the block temperature, TB, and the 
energy consumed, EB, or volume of gas con-
sumed, VB, at the beginning of the next 
‘‘ON’’ period. Measure the block tempera-
ture, TC, and the energy consumed, EC, or 
volume of gas consumed, VC, at the end of 
that ‘‘ON’’ period. Measure the block tem-
perature, TD, and the energy consumed, ED, 
or volume of gas consumed, VD, at the begin-
ning of the following ‘‘ON’’ period. Energy 

measurements for EO, EA, EB, EC, and ED 
should be expressed in watt-hours (kJ) for 
conventional electric ovens, and volume 
measurements for VA, VB, VC, and VD should 
be expressed in standard cubic feet (L) of gas 
for conventional gas ovens. For a gas oven 
that can be operated with or without forced 
convection, measure in watt-hours (kJ) any 
electrical energy consumed by an ignition 
device or other electrical components re-
quired for the operation of a conventional 
gas oven while heating the test block to TO 
using the forced convection mode, (EIO)1, and 
without using the forced convection mode, 
(EIO)2. 

3.2.1.2 Conventional oven fan-only mode en-
ergy consumption. If the conventional oven is 
capable of operation in fan-only mode, meas-
ure the fan-only mode energy consumption, 
EOF, expressed in kilowatt-hours (kJ) of elec-
tricity consumed by the conventional oven 
for the duration of fan-only mode, using a 
watt-hour meter as specified in section 2.9.1.1 
of this appendix. Alternatively, if the dura-
tion of fan-only mode is known, the watt- 
hours consumed may be measured for a pe-
riod of 10 minutes in fan-only mode, using a 
watt-hour meter as specified in section 2.9.1.1 
of this appendix. Multiply this value by the 
time in minutes that the conventional oven 
remains in fan-only mode, tOF, and divide by 
10,000 to obtain EOF. The alternative ap-
proach may be used only if the resulting EOF 
is representative of energy use during the en-
tire fan-only mode. 

3.2.1.3 Energy consumption of self-cleaning 
operation. Measure the energy consumption, 
ES, in watt-hours (kJ) of electricity or the 
volume of gas consumption, VS, in standard 
cubic feet (L) during the self-cleaning test 
set forth in section 3.1.1.1 of this appendix. 
For a gas oven, also measure in watt-hours 
(kJ) any electrical energy, EIS, consumed by 
ignition devices or other electrical compo-
nents required during the self-cleaning test. 

3.2.1.4 Standby mode and off mode energy 
consumption. Make measurements as speci-
fied in section 3.1.1.2 of this appendix. If the 
conventional oven is capable of operating in 
inactive mode, as defined in section 1.11 of 
this appendix, measure the average inactive 
mode power of the conventional oven, PIA, in 
watts as specified in section 3.1.1.2.1 of this 
appendix. If the conventional oven is capable 
of operating in off mode, as defined in sec-
tion 1.13 of this appendix, measure the aver-
age off mode power of the conventional oven, 
POM, in watts as specified in section 3.1.1.2.2 
of this appendix. 

3.2.2 Conventional surface unit test energy 
consumption. 

3.2.2.1 Conventional surface unit average test 
energy consumption. For the surface unit 
under test, measure the energy consumption, 
ECT, in watt-hours (kJ) of electricity or the 
volume of gas consumption, VCT, in standard 
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cubic feet (L) of gas and the test block tem-
perature, TCT, at the end of the 15 minute (re-
duced input setting) test interval for the test 
specified in section 3.1.2 of this appendix and 
the total time, tCT, in hours, that the unit is 
under test. Measure any electrical energy, 
EIC, consumed by an ignition device of a gas 
heating element or other electrical compo-
nents required for the operation of the con-
ventional gas cooking top in watt-hours 
(kJ). 

3.2.2.2 Conventional surface unit standby 
mode and off mode energy consumption. Make 
measurements as specified in section 3.1.2.1 
of this appendix. If the conventional surface 
unit is capable of operating in inactive 
mode, as defined in section 1.11 of this appen-
dix, measure the average inactive mode 
power of the conventional surface unit, PIA, 
in watts as specified in section 3.1.2.1.1 of 
this appendix. If the conventional surface 
unit is capable of operating in off mode, as 
defined in section 1.13 of this appendix, meas-
ure the average off mode power of the con-
ventional surface unit, POM, in watts as spec-
ified in section 3.1.2.1.2 of this appendix. 

3.2.3 Conventional range standby mode and 
off mode energy consumption. Make measure-
ments as specified in section 3.1.3 of this ap-
pendix. If the conventional range is capable 
of operating in inactive mode, as defined in 
section 1.11 of this appendix, measure the av-
erage inactive mode power of the conven-
tional range, PIA, in watts as specified in sec-
tion 3.1.3.1 of this appendix. If the conven-
tional range is capable of operating in off 
mode, as defined in section 1.13 of this appen-
dix, measure the average off mode power of 
the conventional range, POM, in watts as 
specified in section 3.1.3.2 of this appendix. 

3.2.4 Microwave oven test standby mode and 
off mode power. Make measurements as speci-
fied in Section 5, Paragraph 5.3 of IEC 62301 
(Second Edition) (incorporated by reference; 
see § 430.3). If the microwave oven is capable 
of operating in standby mode, as defined in 
section 1.17 of this appendix, measure the av-
erage standby mode power of the microwave 
oven, PSB, in watts as specified in section 
3.1.4.1 of this appendix. If the microwave 
oven is capable of operating in off mode, as 
defined in section 1.13 of this appendix, meas-
ure the average off mode power of the micro-
wave oven, POM, as specified in section 3.1.4.1. 

3.3 Recorded values. 
3.3.1 Record the test room temperature, TR, 

at the start and end of each range, oven or 
cooktop test, as determined in Section 2.5. 

3.3.2 Record measured test block weights 
W1, W2, and W3 in pounds (kg). 

3.3.3 Record the initial temperature, T1, of 
the test block under test. 

3.3.4 For a conventional oven with a ther-
mostat which operates by cycling on and off, 
record the conventional oven test measure-
ments TA, EA, TB, EB, TC, EC, TD, and ED for 
conventional electric ovens or TA, VA, TB, 

VB, TC, VC, TD, and VD for conventional gas 
ovens. If the thermostat controls the oven 
temperature without cycling on and off, 
record EO. For a gas oven which also uses 
electrical energy for the ignition or oper-
ation of the oven, also record EIO. 

3.3.5 For a conventional oven that can be 
operated with or without forced convection 
and the oven thermostat controls the oven 
temperature without cycling on and off, 
measure the energy consumed with the 
forced convection mode, (EO)1, and without 
the forced convection mode, (EO)2. If the con-
ventional oven operates with or without 
forced convection and the thermostat con-
trols the oven temperature by cycling on and 
off, record the conventional oven test meas-
urements TA, EA, TB, EB, TC, EC, TD, and ED 
for conventional electric ovens or TA, VA, TB, 
VB, TC, VC, TD, and VD for conventional gas 
ovens. For a gas oven that can be operated 
with or without forced convection, measure 
any electrical energy consumed by an igni-
tion device or other electrical components 
used during the forced convection mode, 
(EIO)1, and without using the forced convec-
tion mode, (EIO)2. 

3.3.6 Record the measured energy consump-
tion, ES, or gas consumption, VS, and for a 
gas oven, any electrical energy, EIS, for the 
test of the self-cleaning operation of a con-
ventional oven. 

3.3.7 For conventional ovens, record the 
conventional oven standby mode and off 
mode test measurements PIA and POM, if ap-
plicable. For conventional cooktops, record 
the conventional cooking top standby mode 
and off mode test measurements PIA and POM, 
if applicable. For conventional ranges, 
record the conventional range standby mode 
and off mode test measurements PIA and POM, 
if applicable. 

3.3.8 For the surface unit under test, record 
the electric energy consumption, ECT, or the 
gas volume consumption, VCT, the final test 
block temperature, TCT, and the total test 
time, tCT. For a gas cooking top which uses 
electrical energy for ignition of the burners, 
also record EIC. 

3.3.9 Record the heating value, Hn, as de-
termined in section 2.2.2.2 of this appendix 
for the natural gas supply. 

3.3.10 Record the heating value, Hp, as de-
termined in section 2.2.2.3 of this appendix 
for the propane supply. 

3.3.11 Record the average standby mode 
power, PSB, for the microwave oven standby 
mode, as determined in section 3.2.4 of this 
appendix for a microwave oven capable of op-
erating in standby mode. Record the average 
off mode power, POM, for the microwave oven 
off mode power test, as determined in section 
3.2.4 of this appendix for a microwave oven 
capable of operating in off mode. 
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4. Calculation of Derived Results From Test 
Measurements 

4.1 Conventional oven. 
4.1.1 Test energy consumption. For a conven-

tional oven with a thermostat which oper-

ates by cycling on and off, calculate the test 
energy consumption, EO, expressed in watt- 
hours (kJ) for electric ovens and in Btus (kJ) 
for gas ovens, and defined as: 

for electric ovens, and, 

for gas ovens, 
Where: 
H = either Hn or Hp, the heating value of the 

gas used in the test as specified in sec-
tion 2.2.2.2 and section 2.2.2.3 of this ap-

pendix, expressed in Btus per standard 
cubic foot (kJ/L). 

TO = 234 °F (130 °C) plus the initial test block 
temperature. 

and, 

Where: 

TA = block temperature in °F ( °C) at the end 
of the last ‘‘ON’’ period of the conven-
tional oven before the test block reaches 
TO. 

TB = block temperature in °F ( °C) at the be-
ginning of the ‘‘ON’’ period following the 
measurement of TA. 

TC = block temperature in °F ( °C) at the end 
of the ‘‘ON’’ period which starts with TB. 
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TD = block temperature in °F ( °C) at the be-
ginning of the ‘‘ON’’ period which follows 
the measurement of TC. 

EA = electric energy consumed in Wh (kJ) at 
the end of the last ‘‘ON’’ period before 
the test block reaches TO. 

EB = electric energy consumed in Wh (kJ) at 
the beginning of the ‘‘ON’’ period fol-
lowing the measurement of TA. 

EC = electric energy consumed in Wh (kJ) at 
the end of the ‘‘ON’’ period which starts 
with TB. 

ED = electric energy consumed in Wh (kJ) at 
the beginning of the ‘‘ON’’ period which 
follows the measurement of TC. 

VA = volume of gas consumed in standard 
cubic feet (L) at the end of the last ‘‘ON’’ 
period before the test block reaches TO. 

VB = volume of gas consumed in standard 
cubic feet (L) at the beginning of the 
‘‘ON’’ period following the measurement 
of TA. 

VC = volume of gas consumed in standard 
cubic feet (L) at the end of the ‘‘ON’’ pe-
riod which starts with TB. 

VD = volume of gas consumed in standard 
cubic feet (L) at the beginning of the 
‘‘ON’’ period which follows the measure-
ment of TC. 

4.1.1.1 Average test energy consumption. If 
the conventional oven can be operated with 
or without forced convection, determine the 
average test energy consumption, EO and 
EIO, in watt-hours (kJ) for electric ovens and 
Btus (kJ) for gas ovens using the following 
equations: 

Where: 

(EO)1 = test energy consumption using the 
forced convection mode in watt-hours 
(kJ) for electric ovens and in Btus (kJ) 
for gas ovens as measured in section 
3.2.1.1 of this appendix. 

(EO)2 = test energy consumption without 
using the forced convection mode in 
watt-hours (kJ) for electric ovens and in 
Btus (kJ) for gas ovens as measured in 
section 3.2.1.1 of this appendix. 

(EIO)1 = electrical energy consumption in 
watt-hours (kJ) of a gas oven in forced 
convection mode as measured in section 
3.2.1.1 of this appendix. 

(EIO)2 = electrical energy consumption in 
watt-hours (kJ) of a gas oven without 
using the forced convection mode as 
measured in section 3.2.1.1 of this appen-
dix. 

4.1.2 Conventional oven annual energy con-
sumption. 

4.1.2.1. Annual cooking energy consumption. 
4.1.2.1.1. Annual primary energy consumption. 

Calculate the annual primary energy con-
sumption for cooking, ECO, expressed in kilo-
watt-hours (kJ) per year for electric ovens 
and in Btu’s (kJ) per year for gas ovens, and 
defined as: 

E
E K O

W C TCO
O e O

l p S

=
× ×
× ×

for electric ovens,

Where: 

E O = test energy consumption as measured 
in Section 3.2.1 or as calculated in Sec-
tion 4.1.1 or Section 4.1.1.1. 

K e = 3.412 Btu/Wh (3.6 kJ/Wh,) conversion 
factor of watt-hours to Btu’s. 

O O = 29.3 kWh (105,480 kJ) per year, annual 
useful cooking energy output of conven-
tional electric oven. 

W 1 = measured weight of test block in 
pounds (kg). 

C p = 0.23 Btu/lb-°F (0.96 kJ/kg ÷ °C), specific 
heat of test block. 

T S = 234 °F (130 °C), temperature rise of test 
block. 

E
E O

W C TCO
O O

l p S

=
×

× ×
for gas ovens,

Where: 

EO = test energy consumption as measured in 
Section 3.2.1. or as calculated in Section 
4.1.1 or Section 4.1.1.1. 
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OO = 88.8 kBtu (93,684 kJ) per year, annual 
useful cooking energy output of conven-
tional gas oven. 

W1, Cp and TS are the same as defined above. 

4.1.2.1.2 Annual secondary energy consump-
tion for cooking of gas ovens. Calculate the an-
nual secondary energy consumption for 
cooking, ESO, expressed in kilowatt-hours 
(kJ) per year and defined as: 

E
E K O

W C TSO
IO e O

l p S

=
× ×
× ×

,

Where: 

EIO = electrical test energy consumption as 
measured in Section 3.2.1 or as calculated 
in Section 4.1.1.1. 

OO = 29.3 kWh (105,480 kJ) per year, annual 
useful cooking energy output. 

Ke, W1, Cp, and TS are as defined in Section 
4.1.2.1.1. 

4.1.2.2 Annual conventional oven self-cleaning 
energy. 

4.1.2.2.1 Annual primary energy consumption. 
Calculate the annual primary energy con-
sumption for conventional oven self-cleaning 
operations, ESC, expressed in kilowatt-hours 
(kJ) per year for electric ovens and in Btus 
(kJ) for gas ovens, and defined as: ESC = ES × 
Se × K, for electric ovens, 

Where: 

ES = energy consumption in watt-hours, as 
measured in section 3.2.1.3 of this appen-
dix. 

Se = 4, average number of times a self-clean-
ing operation of a conventional electric 
oven is used per year. 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

or 

ESC = VS × H × Sg, for gas ovens, 

Where: 

VS = gas consumption in standard cubic feet 
(L), as measured in section 3.2.1.3 of this 
appendix. 

H = Hn or Hp, the heating value of the gas 
used in the test as specified in sections 
2.2.2.2 and 2.2.2.3 of this appendix in Btus 
per standard cubic foot (kJ/L). 

Sg = 4, average number of times a self-clean-
ing operation of a conventional gas oven 
is used per year. 

4.1.2.2.2 Annual secondary energy consump-
tion for self-cleaning operation of gas ovens. 
Calculate the annual secondary energy con-
sumption for self-cleaning operations of a 
gas oven, ESS, expressed in kilowatt-hours 
(kJ) per year and defined as: 

ESS = EIS × Sg × K, 

Where: 

EIS = electrical energy consumed during the 
self-cleaning operation of a conventional 

gas oven, as measured in section 3.2.1.3 of 
this appendix. 

Sg = 4, average number of times a self-clean-
ing operation of a conventional gas oven 
is used per year. 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

4.1.2.3 Annual combined low-power mode en-
ergy consumption of a single conventional oven. 
Calculate the annual standby mode and off 
mode energy consumption for conventional 
ovens, EOTLP, expressed in kilowatt-hours 
(kJ) per year and defined as: 
EOTLP = [(PIA × SIA) + (POM × SOM)] × K, 
Where: 
PIA = conventional oven inactive mode 

power, in watts, as measured in section 
3.2.1.4 of this appendix. 

POM = conventional oven off mode power, in 
watts, as measured in section 3.2.1.4 of 
this appendix. 

STOT equals the total number of inactive 
mode and off mode hours per year; 

If the conventional oven has fan-only mode, 
STOT equals (8,540.1 ¥ (tOF/60)) hours, 
where tOF is the conventional oven fan- 
only mode duration, in minutes, as meas-
ured in section 3.2.1.2 of this appendix, 
and 60 is the conversion factor for min-
utes to hours; otherwise, STOT is equal to 
8,540.1 hours. 

If the conventional oven has both inactive 
mode and off mode, SIA and SOM both 
equal STOT/2; 

If the conventional oven has an inactive 
mode but no off mode, the inactive mode 
annual hours, SIA, is equal to STOT and 
the off mode annual hours, SOM, is equal 
to 0; 

If the conventional oven has an off mode but 
no inactive mode, SIA is equal to 0 and 
SOM is equal to STOT; 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

4.1.2.4 Total annual energy consumption of a 
single conventional oven. 

4.1.2.4.1 Conventional electric oven energy 
consumption. Calculate the total annual en-
ergy consumption of a conventional electric 
oven, EAO, expressed in kilowatt-hours (kJ) 
per year and defined as: 
EAO = ECO + ESC, 
Where: 
ECO = annual primary cooking energy con-

sumption as determined in section 
4.1.2.1.1 of this appendix. 

ESC = annual primary self-cleaning energy 
consumption as determined in section 
4.1.2.2.1 of this appendix. 

4.1.2.4.2 Conventional electric oven integrated 
energy consumption. Calculate the total inte-
grated annual electrical energy consumption 
of a conventional electric oven, IEAO, ex-
pressed in kilowatt-hours (kJ) per year and 
defined as: 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00417 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31 E
R

03
O

C
97

.0
06

<
/G

P
H

>



408 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. I 

IEAO = ECO + ESC + EOTLP, + (EOF × NOE), 
Where: 
ECO = annual primary cooking energy con-

sumption as determined in section 
4.1.2.1.1 of this appendix. 

ESC = annual primary self-cleaning energy 
consumption as determined in section 
4.1.2.2.1 of this appendix. 

EOTLP = annual combined low-power mode en-
ergy consumption as determined in sec-
tion 4.1.2.3 of this appendix. 

EOF = fan-only mode energy consumption as 
measured in section 3.2.1.2 of this appen-
dix. 

NOE = representative number of annual con-
ventional electric oven cooking cycles 
per year, which is equal to 219 cycles for 
a conventional electric oven without 
self-clean capability and 204 cycles for a 
conventional electric oven with self- 
clean capability. 

4.1.2.4.3 Conventional gas oven energy con-
sumption. Calculate the total annual gas en-
ergy consumption of a conventional gas 
oven, EAOG, expressed in Btus (kJ) per year 
and defined as: 
EAOG = ECO + ESC, 
Where: 
ECO = annual primary cooking energy con-

sumption as determined in section 
4.1.2.1.1 of this appendix. 

ESC = annual primary self-cleaning energy 
consumption as determined in section 
4.1.2.2.1 of this appendix. 

If the conventional gas oven uses electrical 
energy, calculate the total annual electrical 
energy consumption, EAOE, expressed in kilo-
watt-hours (kJ) per year and defined as: 
EAOE = ESO + ESS, 
Where: 
ESO = annual secondary cooking energy con-

sumption as determined in section 
4.1.2.1.2 of this appendix. 

ESS = annual secondary self-cleaning energy 
consumption as determined in section 
4.1.2.2.2 of this appendix. 

If the conventional gas oven uses electrical 
energy, also calculate the total integrated 
annual electrical energy consumption, IEAOE, 
expressed in kilowatt-hours (kJ) per year 
and defined as: 

IEAOE = ESO + ESS+ EOTLP + (EOF × NOG), 

Where: 

ESO = annual secondary cooking energy 
consumption as determined in section 
4.1.2.1.2 of this appendix. 

ESS = annual secondary self-cleaning en-
ergy consumption as determined in section 
4.1.2.2.2 of this appendix. 

EOTLP = annual combined low-power mode 
energy consumption as determined in sec-
tion 4.1.2.3 of this appendix. 

EOF = fan-only mode energy consumption 
as measured in section 3.2.1.2 of this appen-
dix. 

NOG = representative number of annual 
conventional gas oven cooking cycles per 
year, which is equal to 183 cycles for a con-
ventional gas oven without self-clean capa-
bility and 197 cycles for a conventional gas 
oven with self-clean capability. 

4.1.2.5. Total annual energy consumption of 
multiple conventional ovens. If the cooking ap-
pliance includes more than one conventional 
oven, calculate the total annual energy con-
sumption of the conventional ovens using 
the following equations: 

4.1.2.5.1 Conventional electric oven energy 
consumption. Calculate the total annual en-
ergy consumption, ETO, in kilowatt-hours 
(kJ) per year and defined as: 

ETO = EACO + EASC, 

Where: 

is the average annual primary energy con-
sumption for cooking, and where: 

n = number of conventional ovens in the 
basic model. 

ECO = annual primary energy consumption 
for cooking as determined in section 
4.1.2.1.1 of this appendix. 
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average annual self-cleaning energy con-
sumption, 
Where: 
n = number of self-cleaning conventional 

ovens in the basic model. 
ESC = annual primary self-cleaning energy 

consumption as determined according to 
section 4.1.2.2.1 of this appendix. 

4.1.2.5.2 Conventional electric oven integrated 
energy consumption. Calculate the total inte-
grated annual energy consumption, IETO, in 
kilowatt-hours (kJ) per year and defined as: 

IETO = EACO + EASC + EOTLP + (EOF × NOE), 

Where: 

is the average annual primary energy con-
sumption for cooking, and where: 

n = number of conventional ovens in the 
basic model. 

ECO = annual primary energy consumption 
for cooking as determined in section 
4.1.2.1.1 of this appendix. 

average annual self-cleaning energy con-
sumption, 

Where: 

n = number of self-cleaning conventional 
ovens in the basic model. 

ESC = annual primary self-cleaning energy 
consumption as determined according to 
section 4.1.2.2.1 of this appendix. 

EOTLP = annual combined low-power mode en-
ergy consumption for the cooking appli-
ance as determined in section 4.1.2.3 of 
this appendix. 

EOF = fan-only mode energy consumption as 
measured in section 3.2.1.2 of this appen-
dix. 

NOE = representative number of annual con-
ventional electric oven cooking cycles 
per year, which is equal to 219 cycles for 
a conventional electric oven without 
self-clean capability and 204 cycles for a 
conventional electric oven with self- 
clean capability. 

4.1.2.5.3 Conventional gas oven energy con-
sumption. Calculate the total annual gas en-
ergy consumption, ETOG, in Btus (kJ) per 
year and defined as: 

ETOG = EACO + EASC, 

Where: 

EACO = average annual primary energy con-
sumption for cooking in Btus (kJ) per 
year and is calculated as: 
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Where: 
n = number of conventional ovens in the 

basic model. 
ECO = annual primary energy consumption 

for cooking as determined in section 
4.1.2.1.1 of this appendix. 

and, 
EASC = average annual self-cleaning energy 

consumption in Btus (kJ) per year and is 
calculated as: 

Where: 

n = number of self-cleaning conventional 
ovens in the basic model. 

ESC = annual primary self-cleaning energy 
consumption as determined according to 
section 4.1.2.2.1 of this appendix. 

If the oven also uses electrical energy, cal-
culate the total annual electrical energy 
consumption, ETOE, in kilowatt-hours (kJ) 
per year and defined as: 

ETOE = EASO + EAAS, 

Where: 

is the average annual secondary energy con-
sumption for cooking, 

Where: 

n = number of conventional ovens in the 
basic model. 

ESO = annual secondary energy consumption 
for cooking of gas ovens as determined in 
section 4.1.2.1.2 of this appendix. 

is the average annual secondary self-clean-
ing energy consumption, 
Where: 
n = number of self-cleaning ovens in the 

basic model. 
ESS = annual secondary self-cleaning energy 

consumption of gas ovens as determined 
in section 4.1.2.2.2 of this appendix. 

If the oven also uses electrical energy, also 
calculate the total integrated annual elec-
trical energy consumption, IETOE, in kilo-
watt-hours (kJ) per year and defined as: 

IETOE = EASO + EAAS + EOTLP + (EOF × NOG), 

Where: 
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is the average annual secondary energy con-
sumption for cooking, 

Where: 

n = number of conventional ovens in the 
basic model. 

ESO = annual secondary energy consumption 
for cooking of gas ovens as determined in 
section 4.1.2.1.2 of this appendix. 

is the average annual secondary self-clean-
ing energy consumption, 

Where: 

n = number of self-cleaning ovens in the 
basic model. 

ESS = annual secondary self-cleaning energy 
consumption of gas ovens as determined 
in section 4.1.2.2.2 of this appendix. 

EOTLP = annual combined low-power mode en-
ergy consumption as determined in sec-
tion 4.1.2.3 of this appendix. 

EOF = fan-only mode energy consumption as 
measured in section 3.2.1.2 of this appen-
dix. 

NOG = representative number of annual con-
ventional gas oven cooking cycles per 
year, which is equal to 183 cycles for a 
conventional gas oven without self-clean 
capability and 197 cycles for a conven-
tional gas oven with self-clean capa-
bility. 

4.1.3 Conventional oven cooking efficiency. 
4.1.3.1 Single conventional oven. Calculate 

the conventional oven cooking efficiency, 
EffAO, using the following equations: 

For electric ovens: 

Eff
W C T

E KAO
l p S

O e

=
× ×

×
,

and, 
For gas ovens: 

Eff
W C T

E E KAO
l p S

O IO e

=
× ×

+ ×( )
,

Where: 

W1 = measured weight of test block in 
pounds (kg). 

Cp = 0.23 Btu/lb-°F (0.96 kJ/kg÷ °C), specific 
heat of test block. 

TS = 234 °F (130 °C), temperature rise of test 
block. 

EO = test energy consumption as measured in 
Section 3.2.1 or calculated in Section 
4.1.1 or Section 4.1.1.1. 

Ke = 3.412 Btu/Wh (3.6 kJ/Wh), conversion fac-
tor for watt-hours to Btu’s. 

EIO = electrical test energy consumption ac-
cording to Section 3.2.1 or as calculated 
in Section 4.1.1.1. 

4.1.3.2 Multiple conventional ovens. If the 
cooking appliance includes more than one 
conventional oven, calculate the cooking ef-
ficiency for all of the conventional ovens in 
the appliance, EffTO, using the following 
equation: 

Eff
n

Eff

TO

AO ii

n
=

⎛
⎝⎜

⎞
⎠⎟=

∑ 1

1

,

Where: 

n = number of conventional ovens in the 
cooking appliance. 

EffAO = cooking efficiency of each oven de-
termined according to Section 4.1.3.1. 

4.1.4 Conventional oven energy factor and in-
tegrated energy factor. 

4.1.4.1 Conventional oven energy factor. Cal-
culate the energy factor, or the ratio of use-
ful cooking energy output to the total en-
ergy input, RO, using the following equa-
tions: 

For electric ovens, Where: 
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OO = 29.3 kWh (105,480 kJ) per year, annual 
useful cooking energy output. 

EAO = total annual energy consumption for 
electric ovens as determined in section 
4.1.2.4.1 of this appendix. 

For gas ovens: 

Where: 

OO = 88.8 kBtu (93,684 kJ) per year, annual 
useful cooking energy output. 

EAOG = total annual gas energy consumption 
for conventional gas ovens as determined 
in section 4.1.2.4.3 of this appendix. 

EAOE = total annual electrical energy con-
sumption for conventional gas ovens as 

determined in section 4.1.2.4.3 of this ap-
pendix. 

Ke = 3,412 Btu/kWh (3,600 kJ/kWh), conver-
sion factor for kilowatt-hours to Btu’s. 

4.1.4.2 Conventional oven integrated energy 
factor. Calculate the integrated energy fac-
tor, or the ratio of useful cooking energy 
output to the total integrated energy input, 
IRO, using the following equations: 

For electric ovens, 

Where: 

OO = 29.3 kWh (105,480 kJ) per year, annual 
useful cooking energy output. 

IEAO = total integrated annual energy con-
sumption for electric ovens as deter-
mined in section 4.1.2.4.2 of this appen-
dix. 

For gas ovens: 

Where: 
OO = 88.8 kBtu (93,684 kJ) per year, annual 

useful cooking energy output. 
EAOG = total annual gas energy consumption 

for conventional gas ovens as determined 
in section 4.1.2.4.3 of this appendix. 

IEAOE = total integrated annual electrical en-
ergy consumption for conventional gas 

ovens as determined in section 4.1.2.4.3 of 
this appendix. 

Ke = 3,412 Btu/kWh (3,600 kJ/kWh), conver-
sion factor for kilowatt-hours to Btus. 

4.2.1.1 Electric surface unit cooking efficiency. 
Calculate the cooking efficiency, EffSU, of 
the electric surface unit under test, defined 
as: 
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Where: 
W = measured weight of test block, W2 or W3, 

expressed in pounds (kg). 
Cp = 0.23 Btu/lb- °F (0.96 kJ/kg ÷ °C), specific 

heat of test block. 
TSU = temperature rise of the test block: 

final test block temperature, TCT, as de-
termined in section 3.2.2 of this appendix, 
minus the initial test block temperature, 
TI, expressed in °F ( °C) as determined in 
section 2.7.5 of this appendix. 

Ke = 3.412 Btu/Wh (3.6 kJ/Wh), conversion fac-
tor of watt-hours to Btus. 

ECT = measured energy consumption, as de-
termined according to section 3.2.2.1 of 
this appendix, expressed in watt-hours 
(kJ). 

4.2.1.2 Gas surface unit cooking efficiency. 
Calculate the cooking efficiency, EffSU, of 
the gas surface unit under test, defined as: 

Where: 
W3 = measured weight of test block as meas-

ured in section 3.3.2 of this appendix, ex-
pressed in pounds (kg). 

Cp and TSU are the same as defined in section 
4.2.1.1 of this appendix. 

and, 
E = VCT + (EIC × Ke), 
Where: 
VCT = total gas consumption in standard 

cubic feet (L) for the gas surface unit 
test as measured in section 3.2.2.1 of this 
appendix. 

EIC = electrical energy consumed in watt- 
hours (kJ) by an ignition device of a gas 
surface unit as measured in section 
3.2.2.1 of this appendix. 

Ke = 3.412 Btu/Wh (3.6 kJ/Wh), conversion fac-
tor of watt-hours to Btus. 

4.2.1.3 Conventional cooking top cooking effi-
ciency. Calculate the conventional cooking 

top cooking efficiency, EffCT, using the fol-
lowing equation: 

Eff
n

EffCT SU i
i

n

= ( )
=
∑1

1

,

Where: 

n = number of surface units in the cooking 
top. 

EffSU = the efficiency of each of the surface 
units, as determined according to Sec-
tion 4.2.1.1 or Section 4.2.1.2. 

4.2.2 Conventional cooking top annual energy 
consumption. 

4.2.2.1 Conventional electric cooking top. 
4.2.2.1.1 Annual energy consumption of a con-

ventional electric cooking top. Calculate the 
annual electrical energy consumption of an 
electric cooking top, ECA, in kilowatt-hours 
(kJ) per year, defined as: 

Where: 

OCT = 173.1 kWh (623,160 kJ) per year, annual 
useful cooking energy output. 

EffCT = conventional cooking top cooking ef-
ficiency as defined in section 4.2.1.3 of 
this appendix. 

4.2.2.1.2 Integrated annual energy consump-
tion of a conventional electric cooking top. Cal-
culate the total integrated annual electrical 
energy consumption of an electric cooking 
top, IECA, in kilowatt-hours (kJ) per year, 
defined as: 
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Where: 

OCT = 173.1 kWh (623,160 kJ) per year, annual 
useful cooking energy output. 

EffCT = conventional cooking top cooking ef-
ficiency as defined in section 4.2.1.3 of 
this appendix. 

ECTLP = conventional cooking top combined 
low-power mode energy consumption = 
[(PIA × SIA) + (POM × SOM)] × K, 

Where: 

PIA = conventional cooking top inactive 
mode power, in watts, as measured in 
section 3.1.2.1.1 of this appendix. 

POM = conventional cooking top off mode 
power, in watts, as measured in section 
3.1.2.1.2 of this appendix. 

If the conventional cooking top has both in-
active mode and off mode annual hours, 
SIA and SOM both equal 4273.4; 

If the conventional cooking top has an inac-
tive mode but no off mode, the inactive 
mode annual hours, SIA, is equal to 8546.9, 
and the off mode annual hours, SOM, is 
equal to 0; 

If the conventional cooking top has an off 
mode but no inactive mode, SIA is equal 
to 0, and SOM is equal to 8546.9; 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

4.2.2.2 Conventional gas cooking top 
4.2.2.2.1 Annual cooking energy consumption. 

Calculate the annual energy consumption for 
cooking, ECC, in Btu’s (kJ) per year for a gas 
cooking top, defined as: 

E
O

EffCC
CT

CT

= ,

Where: 

OCT = 527.6 kBtu (556,618 kJ) per year, annual 
useful cooking energy output. 

EffCT = the gas cooking top efficiency as de-
fined in Section 4.2.1.3. 

4.2.2.2.2 Total integrated annual energy con-
sumption of a conventional gas cooking top. 
Calculate the total integrated annual energy 
consumption of a conventional gas cooking 
top, IECA, in Btus (kJ) per year, defined as: 

IECA = ECC + ECTSO, 

Where: 

ECC = energy consumption for cooking as de-
termined in section 4.2.2.2.1 of this ap-
pendix. 

ECTSO = conventional cooking top combined 
low-power mode energy consumption = 
[(PIA × SIA) + (POM × SOM)] × K, 

Where: 

PIA = conventional cooking top inactive 
mode power, in watts, as measured in section 
3.1.2.1.1 of this appendix. 
POM = conventional cooking top off mode 

power, in watts, as measured in section 
3.1.2.1.2 of this appendix. 

If the conventional cooking top has both in-
active mode and off mode annual hours, 
SIA and SOM both equal 4273.4; 

If the conventional cooking top has an inac-
tive mode but no off mode, the inactive 
mode annual hours, SIA, is equal to 8546.9, 
and the off mode annual hours, SOM, is 
equal to 0; 

If the conventional cooking top has an off 
mode but no inactive mode, SIA is equal 
to 0, and SOM is equal to 8546.9; 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

4.2.3 Conventional cooking top energy factor 
and integrated energy factor. 

4.2.3.1 Conventional cooking top energy fac-
tor. Calculate the energy factor or ratio of 
useful cooking energy output for cooking to 
the total energy input, RCT, as follows: 

For an electric cooking top, the energy 
factor is the same as the cooking efficiency 
as determined according to section 4.2.1.3 of 
this appendix. 

For gas cooking tops, 
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Where: 
OCT = 527.6 kBtu (556,618 kJ) per year, annual 

useful cooking energy output of cooking 
top. 

ECC = energy consumption for cooking as de-
termined in section 4.2.2.2.1 of this ap-
pendix. 

4.2.3.2 Conventional cooking top integrated 
energy factor. Calculate the integrated en-
ergy factor or ratio of useful cooking energy 
output for cooking to the total integrated 
energy input, IRCT, as follows: 

For electric cooking tops, 

Where: 

OCT = 527.6 kBtu (556,618 kJ) per year, annual 
useful cooking energy output of cooking 
top. 

IECA = total annual integrated energy con-
sumption of cooking top determined ac-
cording to section 4.2.2.1.2 of this appen-
dix. 

For gas cooking tops, 

Where: 

OCT = 527.6 kBtu (556,618 kJ) per year, annual 
useful cooking energy output of cooking 
top. 

IECA = total integrated annual energy con-
sumption of cooking top determined ac-
cording to section 4.2.2.2.2 of this appen-
dix. 

4.3 Combined components. The annual en-
ergy consumption of a kitchen range (e.g., a 
cooking top and oven combined) shall be the 
sum of the annual energy consumption of 
each of its components. The integrated an-
nual energy consumption of a kitchen range 
shall be the sum of the annual energy con-
sumption of each of its components plus the 
total annual fan-only mode energy consump-
tion for the oven component, ETOF, defined 
as: 

ETOF = EOF × NR, 

Where: 

EOF = conventional oven fan-only mode en-
ergy consumption, in kilowatt-hours, as 
measured in section 3.2.1.2 of this appen-
dix. 

NR = representative number of annual con-
ventional oven cooking cycles per year, 
which is equal to 219 cycles for a conven-
tional electric oven without self-clean 
capability, 204 cycles for a conventional 
electric oven with self-clean capability, 
183 cycles for a conventional gas oven 

without self-clean capability, and 197 cy-
cles for a conventional gas oven with 
self-clean capability. 

plus the conventional range integrated an-
nual combined low-power mode energy con-
sumption, ERTLP, defined as: 
ERTLP = [(PIA × SIA) + (POM × SOM)] × K 
Where: 
PIA = conventional range inactive mode 

power, in watts, as measured in section 
3.1.3.1 of this appendix. 

POM = conventional range off mode power, in 
watts, as measured in section 3.1.3.2 of 
this appendix. 

STOT equals the total number of inactive 
mode and off mode hours per year; 

If the conventional oven component of the 
conventional range has fan-only mode, 
STOT equals (8,329.2 ¥ (tOF/60)) hours, 
where tOF is the conventional oven fan- 
only mode duration, in minutes, as meas-
ured in section 3.2.1.2 of this appendix, 
and 60 is the conversion factor for min-
utes to hours; otherwise, STOT is equal to 
8,329.2 hours. 

If the conventional range has both inactive 
mode and off mode, SIA and SOM both 
equal STOT/2; 

If the conventional range has an inactive 
mode but no off mode, the inactive mode 
annual hours, SIA, is equal to STOT, and 
the off mode annual hours, SOM, is equal 
to 0; 
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If the conventional range has an off mode 
but no inactive mode, SIA is equal to 0, 
and SOM is equal to STOT; 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

The annual energy consumption for other 
combinations of ovens and cooktops will also 
be treated as the sum of the annual energy 
consumption of each of its components. The 
energy factor of a combined component is 
the sum of the annual useful cooking energy 
output of each component divided by the 
sum of the total annual energy consumption 
of each component. The integrated energy 
factor of other combinations of ovens and 
cooktops is the sum of the annual useful 
cooking energy output of each component di-
vided by the sum of the total integrated an-
nual energy consumption of each component. 

[62 FR 51981, Oct. 3, 1997, as amended at 75 FR 
42583, July 22, 2010; 76 FR 12844, Mar. 9, 2011; 
77 FR 65987, Oct. 31, 2012; 78 FR 4025, Jan. 18, 
2013] 

APPENDIX J1 TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF AUTOMATIC AND SEMI-AUTO-
MATIC CLOTHES WASHERS 

Manufacturers may use Appendix J1 to cer-
tify compliance with existing DOE energy 
conservation standards until the compliance 
date of any amended standards that address 
standby and off mode power consumption for 
residential clothes washers. After this date, 
all residential clothes washers shall be test-
ed using the provisions of Appendix J2. 

1. Definitions and Symbols 

1.1 Adaptive control system means a clothes 
washer control system, other than an adapt-
ive water fill control system, which is capa-
ble of automatically adjusting washer oper-
ation or washing conditions based on charac-
teristics of the clothes load placed in the 
clothes container, without allowing or re-
quiring consumer intervention or actions. 
The automatic adjustments may, for exam-
ple, include automatic selection, modifica-
tion, or control of any of the following: wash 
water temperature, agitation or tumble 
cycle time, number of rinse cycles, and spin 
speed. The characteristics of the clothes 
load, which could trigger such adjustments, 
could, for example, consist of or be indicated 
by the presence of either soil, soap, suds, or 
any other additive laundering substitute or 
complementary product. 

NOTE: Appendix J1 does not provide a 
means for determining the energy consump-
tion of a clothes washer with an adaptive 
control system. Therefore, pursuant to 10 
CFR 430.27, a waiver must be obtained to es-
tablish an acceptable test procedure for each 
such clothes washer. 

1.2 Adaptive water fill control system means a 
clothes washer water fill control system 
which is capable of automatically adjusting 
the water fill level based on the size or 
weight of the clothes load placed in the 
clothes container, without allowing or re-
quiring consumer intervention or actions. 

1.3 Bone-dry means a condition of a load of 
test cloth which has been dried in a dryer at 
maximum temperature for a minimum of 10 
minutes, removed and weighed before cool 
down, and then dried again for 10 minute pe-
riods until the final weight change of the 
load is 1 percent or less. 

1.4 Clothes container means the compart-
ment within the clothes washer that holds 
the clothes during the operation of the ma-
chine. 

1.5 Compact means a clothes washer which 
has a clothes container capacity of less than 
1.6 ft3 (45 L). 

1.6 Deep rinse cycle means a rinse cycle in 
which the clothes container is filled with 
water to a selected level and the clothes load 
is rinsed by agitating it or tumbling it 
through the water. 

1.7 Energy test cycle for a basic model 
means (A) the cycle recommended by the 
manufacturer for washing cotton or linen 
clothes, and includes all wash/rinse tempera-
ture selections and water levels offered in 
that cycle, and (B) for each other wash/rinse 
temperature selection or water level avail-
able on that basic model, the portion(s) of 
other cycle(s) with that temperature selec-
tion or water level that, when tested pursu-
ant to these test procedures, will contribute 
to an accurate representation of the energy 
consumption of the basic model as used by 
consumers. Any cycle under (A) or (B) shall 
include the agitation/tumble operation, spin 
speed(s), wash times, and rinse times appli-
cable to that cycle, including water heating 
time for water heating clothes washers. 

1.8 Load use factor means the percentage of 
the total number of wash loads that a user 
would wash a particular size (weight) load. 

1.9 Manual control system means a clothes 
washer control system which requires that 
the consumer make the choices that deter-
mine washer operation or washing condi-
tions, such as, for example, wash/rinse tem-
perature selections, and wash time before 
starting the cycle. 

1.10 Manual water fill control system means a 
clothes washer water fill control system 
which requires the consumer to determine or 
select the water fill level. 

1.11 Modified energy factor means the 
quotient of the cubic foot (or liter) capacity 
of the clothes container divided by the total 
clothes washer energy consumption per 
cycle, with such energy consumption ex-
pressed as the sum of the machine electrical 
energy consumption, the hot water energy 
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consumption, and the energy required for re-
moval of the remaining moisture in the wash 
load. 

1.12 Non-water-heating clothes washer means 
a clothes washer which does not have an in-
ternal water heating device to generate hot 
water. 

1.13 Spray rinse cycle means a rinse cycle in 
which water is sprayed onto the clothes for a 
period of time without maintaining any spe-
cific water level in the clothes container. 

1.14 Standard means a clothes washer which 
has a clothes container capacity of 1.6 ft3 (45 
L) or greater. 

1.15 Temperature use factor means, for a par-
ticular wash/rinse temperature setting, the 
percentage of the total number of wash loads 
that an average user would wash with that 
setting. 

1.16 Thermostatically controlled water valves 
means clothes washer controls that have the 
ability to sense and adjust the hot and cold 
supply water. 

1.17 Uniformly distributed warm wash tem-
perature selection(s) means (A) multiple warm 
wash selections for which the warm wash 
water temperatures have a linear relation-
ship with all discrete warm wash selections 
when the water temperatures are plotted 
against equally spaced consecutive warm 
wash selections between the hottest warm 
wash and the coldest warm wash. If the 
warm wash has infinite selections, the warm 
wash water temperature has a linear rela-
tionship with the distance on the selection 
device (e.g. dial angle or slide movement) be-
tween the hottest warm wash and the coldest 
warm wash. The criteria for a linear rela-
tionship as specified above is that the dif-
ference between the actual water tempera-
ture at any warm wash selection and the 
point where that temperature is depicted on 
the temperature/selection line formed by 
connecting the warmest and the coldest 
warm selections is less than ±5 percent. In 
all cases, the mean water temperature of the 
warmest and the coldest warm selections 
must coincide with the mean of the ‘‘hot 
wash’’ (maximum wash temperature ≤135 °F 
(57.2 °C)) and ‘‘cold wash’’ (minimum wash 
temperature) water temperatures within ±3.8 
°F (±2.1 °C); or (B) on a clothes washer with 
only one warm wash temperature selection, 
a warm wash temperature selection with a 
water temperature that coincides with the 
mean of the ‘‘hot wash’’ (maximum wash 
temperature ≤135 °F (57.2 °C)) and ‘‘cold 
wash’’ (minimum wash temperature) water 
temperatures within ±3.8 °F (±2.1 °C). 

1.18 Warm wash means all wash tempera-
ture selections that are below the hottest 
hot, less than 135 °F (57.2 °C), and above the 
coldest cold temperature selection. 

1.19 Water factor means the quotient of the 
total weighted per-cycle water consumption 
divided by the cubic foot (or liter) capacity 
of the clothes washer. 

1.20 Water-heating clothes washer means a 
clothes washer where some or all of the hot 
water for clothes washing is generated by a 
water heating device internal to the clothes 
washer. 

1.21 Symbol usage. The following identity 
relationships are provided to help clarify the 
symbology used throughout this procedure. 
E—Electrical Energy Consumption 
H—Hot Water Consumption 
C—Cold Water Consumption 
R—Hot Water Consumed by Warm Rinse 
ER—Electrical Energy Consumed by Warm 

Rinse 
TUF—Temperature Use Factor 
HE—Hot Water Energy Consumption 
F—Load Usage Factor 
Q—Total Water Consumption 
ME—Machine Electrical Energy Consump-

tion 
RMC—Remaining Moisture Content 
WI—Initial Weight of Dry Test Load 
WC—Weight of Test Load After Extraction 
m—Extra Hot Wash (maximum wash temp. 

>135 °F (57.2 °C.)) 
h—Hot Wash (maximum wash temp. ≤135 °F 

(57.2 °C.)) 
w—Warm Wash 
c—Cold Wash (minimum wash temp.) 
r—Warm Rinse (hottest rinse temp.) 
x or max—Maximum Test Load 
a or avg—Average Test Load 
n or min—Minimum Test Load 

The following examples are provided to 
show how the above symbols can be used to 
define variables: 

Emx = ‘‘Electrical Energy Consumption’’ for 
an ‘‘Extra Hot Wash’’ and ‘‘Maximum 
Test Load’’ 

Ra = ‘‘Hot Water Consumed by Warm Rinse’’ 
for the ‘‘Average Test Load’’ 

TUFm = ‘‘Temperature Use Factor’’ for an 
‘‘Extra Hot Wash’’ 

HEmin = ‘‘Hot Water Energy Consumption’’ 
for the ‘‘Minimum Test Load’’ 

1.22 Cold rinse means the coldest rinse tem-
perature available on the machine. 

1.23 Warm rinse means the hottest rinse 
temperature available on the machine (and 
should be the same rinse temperature selec-
tion tested in 3.7 of this appendix). 

2. Testing Conditions 

2.1 Installation. Install the clothes washer 
in accordance with manufacturer’s instruc-
tions. 

2.2 Electrical energy supply. Maintain the 
electrical supply at the clothes washer ter-
minal block within 2 percent of 120, 120/240, 
or 120/208Y volts as applicable to the par-
ticular terminal block wiring system and 
within 2 percent of the nameplate frequency 
as specified by the manufacturer. If the 
clothes washer has a dual voltage conversion 
capability, conduct test at the highest volt-
age specified by the manufacturer. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00427 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



418 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. J1 

2.3 Supply Water. 
2.3.1 Clothes washers in which electrical en-

ergy consumption or water energy consumption 
are affected by the inlet water temperature. (For 
example, water heating clothes washers or 
clothes washers with thermostatically controlled 
water valves.). The temperature of the hot 
water supply at the water inlets shall not ex-
ceed 135 °F (57.2 °C) and the cold water supply 
at the water inlets shall not exceed 60 °F 
(15.6 °C). A water meter shall be installed in 
both the hot and cold water lines to measure 
water consumption. 

2.3.2 Clothes washers in which electrical en-
ergy consumption and water energy consump-
tion are not affected by the inlet water tempera-
ture. The temperature of the hot water sup-
ply shall be maintained at 135 °F±5 °F (57.2 
°C±2.8 °C) and the cold water supply shall be 
maintained at 60 °F±5 °F (15.6 °C±2.8 °C). A 
water meter shall be installed in both the 
hot and cold water lines to measure water 
consumption. 

2.4 Water pressure. The static water pres-
sure at the hot and cold water inlet connec-
tion of the clothes washer shall be main-
tained at 35 pounds per square inch gauge 
(psig) ±2.5 psig (241.3 kPa±17.2 kPa) during 
the test. The static water pressure for a sin-
gle water inlet connection shall be main-
tained at 35 psig±2.5 psig (241.3 kPa±17.2 kPa) 
during the test. A water pressure gauge shall 
be installed in both the hot and cold water 
lines to measure water pressure. 

2.5 Instrumentation. Perform all test meas-
urements using the following instruments, 
as appropriate: 

2.5.1 Weighing scales. 
2.5.1.1 Weighing scale for test cloth. The scale 

shall have a resolution of no larger than 0.2 
oz (5.7 g) and a maximum error no greater 
than 0.3 percent of the measured value. 

2.5.1.2 Weighing scale for clothes container 
capacity measurements. The scale should have 
a resolution no larger than 0.50 lbs (0.23 kg) 
and a maximum error no greater than 0.5 
percent of the measured value. 

2.5.2 Watt-hour meter. The watt-hour meter 
shall have a resolution no larger than 1 Wh 
(3.6 kJ) and a maximum error no greater 
than 2 percent of the measured value for any 
demand greater than 50 Wh (180.0 kJ). 

2.5.3 Temperature measuring device. The de-
vice shall have an error no greater than ±1 °F 
(±0.6 °C) over the range being measured. 

2.5.4 Water meter. The water meter shall 
have a resolution no larger than 0.1 gallons 
(0.4 liters) and a maximum error no greater 
than 2 percent for the water flow rates being 
measured. 

2.5.5 Water pressure gauge. The water pres-
sure gauge shall have a resolution of 1 pound 
per square inch gauge (psig) (6.9 kPa) and 
shall have an error no greater than 5 percent 
of any measured value. 

2.6 Test cloths. 

2.6.1 Energy Test Cloth. The energy test 
cloth shall be made from energy test cloth 
material, as specified in 2.6.4, that is 24 
inches by 36 inches (61.0 cm by 91.4 cm) and 
has been hemmed to 22 inches by 34 inches 
(55.9 cm by 86.4 cm) before washing. The en-
ergy test cloth shall be clean and shall not 
be used for more than 60 test runs (after pre-
conditioning as specified in 2.6.3 of this ap-
pendix). All energy test cloth must be per-
manently marked identifying the lot number 
of the material. Mixed lots of material shall 
not be used for testing the clothes washers. 

2.6.2 Energy Stuffer Cloth. The energy stuff-
er cloth shall be made from energy test cloth 
material, as specified in 2.6.4, and shall con-
sist of pieces of material that are 12 inches 
by 12 inches (30.5 cm by 30.5 cm) and have 
been hemmed to 10 inches by 10 inches (25.4 
cm by 25.4 cm) before washing. The energy 
stuffer cloth shall be clean and shall not be 
used for more than 60 test runs (after pre-
conditioning as specified in 2.6.3 of this ap-
pendix). All energy stuffer cloth must be per-
manently marked identifying the lot number 
of the material. Mixed lots of material shall 
not be used for testing the clothes washers. 

2.6.3 Preconditioning of Test Cloths. The new 
test cloths, including energy test cloths and 
energy stuffer cloths, shall be pre-condi-
tioned in a clothes washer in the following 
manner: 

2.6.3.1 Perform 5 complete normal wash- 
rinse-spin cycles, the first two with current 
AHAM Standard detergent Formula 3 and 
the last three without detergent. Place the 
test cloth in a clothes washer set at the max-
imum water level. Wash the load for ten 
minutes in soft water (17 ppm hardness or 
less) using 27.0 grams + 4.0 grams per pound 
of cloth load of AHAM Standard detergent 
Formula 3. The wash temperature is to be 
controlled to 135 °F ±5 °F (57.2 °C ±2.8 °C) and 
the rinse temperature is to be controlled to 
60 °F ±5 °F (15.6 °C ±2.8 °C). Repeat the cycle 
with detergent and then repeat the cycle 
three additional times without detergent, 
bone drying the load between cycles (total of 
five wash and rinse cycles). 

2.6.4 Energy test cloth material. The energy 
test cloths and energy stuffer cloths shall be 
made from fabric meeting the following spec-
ifications. The material should come from a 
roll of material with a width of approxi-
mately 63 inches and approximately 500 
yards per roll, however, other sizes maybe 
used if they fall within the specifications. 

2.6.4.1 Nominal fabric type. Pure finished 
bleached cloth, made with a momie or gran-
ite weave, which is nominally 50 percent cot-
ton and 50 percent polyester. 

2.6.4.2 The fabric weight shall be 5.60 
ounces per square yard (190.0 g/m2), ±5 per-
cent. 

2.6.4.3 The thread count shall be 65 × 57 per 
inch (warp × fill), ±2 percent. 
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2.6.4.4 The warp yarn and filling yarn shall 
each have fiber content of 50 percent ±4 per-
cent cotton, with the balance being poly-
ester, and be open end spun, 15/1 ±5 percent 
cotton count blended yarn. 

2.6.4.5 Water repellent finishes, such as 
fluoropolymer stain resistant finishes shall 
not be applied to the test cloth. The absence 
of such finishes shall be verified by: 

2.6.4.5.1 American Association of Textile 
Chemists and Colorists (AATCC) Test Meth-
od 118—1997, Oil Repellency: Hydrocarbon Re-
sistance Test (reaffirmed 1997), of each new lot 
of test cloth (when purchased from the mill) 
to confirm the absence of ScotchguardTM or 
other water repellent finish (required scores 
of ‘‘D’’ across the board). 

2.6.4.5.2 American Association of Textile 
Chemists and Colorists (AATCC) Test Meth-
od 79–2000, Absorbency of Bleached Textiles (re-
affirmed 2000), of each new lot of test cloth 
(when purchased from the mill) to confirm 
the absence of ScotchguardTM or other water 
repellent finish (time to absorb one drop 
should be on the order of 1 second). 

2.6.4.5.3 The standards listed in 2.6.4.5.1 and 
2.6.4.5.2 of this appendix which are not other-
wise set forth in this part 430 are incor-
porated by reference. The material listed in 
this paragraph has been approved for incor-
poration by reference by the Director of the 
Federal Register in accordance with 5 U.S.C. 
552(a) and 1 CFR part 51. Any subsequent 
amendment to a standard by the standard- 
setting organization will not affect the DOE 
test procedures unless and until amended by 
DOE. Material is incorporated as it exists on 
the date of the approval and notice of any 
change in the material will be published in 
the FEDERAL REGISTER. The standards incor-
porated by reference are the American Asso-
ciation of Textile Chemists and Colorists 
Test Method 118–1997, Oil Repellency: Hydro-
carbon Resistance Test (reaffirmed 1997) and 
Test Method 79–2000, Absorbency of Bleached 
Textiles (reaffirmed 2000). 

(a) The above standards incorporated by 
reference are available for inspection at: 

(i) National Archives and Records Adminis-
tration (NARA). For information on the 
availability of this material at NARA, call 
202–741–6030, or go to: http://www.archives.gov/ 
federallregister/codeloflfederallregulations/ 
ibrllocations.html. 

(ii) U.S. Department of Energy, Office of 
Energy Efficiency and Renewable Energy, 
Hearings and Dockets, ‘‘Energy Conservation 
Program for Consumer Products: Clothes 
Washer Energy Conservation Standards,’’ 
Docket No. EE—RM–94–403, Forrestal Build-
ing, 1000 Independence Avenue, SW, Wash-
ington, DC. 

(b) Copies of the above standards incor-
porated by reference can be obtained from 
the American Association of Textile Chem-
ists and Colorists, P.O. Box 12215, Research 
Triangle Park, NC 27709, telephone (919) 549– 

3526, fax (919) 549–8933, or email: 
orders@aatcc.org. 

2.6.4.6 The moisture absorption and reten-
tion shall be evaluated for each new lot of 
test cloth by the Standard Extractor Re-
maining Moisture Content (RMC) Test speci-
fied in 2.6.5 of this appendix. 

2.6.4.6.1 Repeat the Standard Extractor 
RMC Test in 2.6.5 of this appendix three 
times. 

2.6.4.6.2 An RMC correction curve shall be 
calculated as specified in 2.6.6 of this appen-
dix. 

2.6.5 Standard Extractor RMC Test Procedure. 
The following procedure is used to evaluate 
the moisture absorption and retention char-
acteristics of a lot of test cloth by measuring 
the RMC in a standard extractor at a speci-
fied set of conditions. Table 2.6.5 of this ap-
pendix is the matrix of test conditions. The 
500g requirement will only be used if a 
clothes washer design can achieve spin 
speeds in the 500g range. When this matrix is 
repeated 3 times, a total of 48 extractor RMC 
test runs are required. For the purpose of the 
extractor RMC test, the test cloths may be 
used for up to 60 test runs (after precondi-
tioning as specified in 2.6.3 of this appendix). 

TABLE 2.6.5—MATRIX OF EXTRACTOR RMC 
TEST CONDITIONS 

‘‘g Force’’ 

Warm soak Cold soak 

15 min. 
spin 

4 min. 
spin 

15 min. 
spin 

4 min. 
spin 

100 ......... .................. ................ .................. ................
200 ......... .................. ................ .................. ................
350 ......... .................. ................ .................. ................
500 ......... .................. ................ .................. ................

2.6.5.1 The standard extractor RMC tests 
shall be run in a Bock Model 215 extractor 
(having a basket diameter of 19.5 inches, 
length of 12 inches, and volume of 2.1 ft3), 
with a variable speed drive (Bock Engineered 
Products, P.O. Box 5127, Toledo, OH 43611) or 
an equivalent extractor with same basket de-
sign (i.e. diameter, length, volume, and hole 
configuration) and variable speed drive. 

2.6.5.2 Test Load. Test cloths shall be 
preconditioned in accordance with 2.6.3 of 
this appendix. The load size shall be 8.4 lbs., 
consistent with 3.8.1 of this appendix. 

2.6.5.3 Procedure. 
2.6.5.3.1 Record the ‘‘bone-dry’’ weight of 

the test load (WI). 
2.6.5.3.2 Soak the test load for 20 minutes 

in 10 gallons of soft (<17 ppm) water. The en-
tire test load shall be submerged. The water 
temperature shall be 100 °F ±5 °F. 

2.6.5.3.3 Remove the test load and allow 
water to gravity drain off of the test cloths. 
Then manually place the test cloths in the 
basket of the extractor, distributing them 
evenly by eye. Spin the load at a fixed speed 
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corresponding to the intended centripetal ac-
celeration level (measured in units of the ac-
celeration of gravity, g) ±1 g for the intended 
time period ±5 seconds. 

2.6.5.3.4 Record the weight of the test load 
immediately after the completion of the ex-
tractor spin cycle (WC). 

2.6.5.3.5 Calculate the RMC as (WC-WI)/WI. 
2.6.5.3.6 The RMC of the test load shall be 

measured at three (3) g levels: 100g; 200g; and 
350g, using two different spin times at each g 
level: 4 minutes; and 15 minutes. If a clothes 
washer design can achieve spin speeds in the 
500g range then the RMC of the test load 
shall be measured at four (4) g levels: 100g; 
200g; 350g; and 500g, using two different spin 
times at each g level: 4 minutes; and 15 min-
utes. 

2.6.5.4 Repeat 2.6.5.3 of this appendix using 
soft (<17 ppm) water at 60 °F ±5 °F. 

2.6.6 Calculation of RMC correction curve. 
2.6.6.1 Average the values of 3 test runs and 

fill in Table 2.6.5 of this appendix. Perform a 
linear least-squares fit to determine coeffi-
cients A and B such that the standard RMC 
values shown in Table 2.6.6.1 of this appendix 
(RMCstandard) are linearly related to the RMC 
values measured in section 2.6.5 of this ap-
pendix (RMCcloth): 

RMCstandard ∼ A * RMCcloth + B 

where A and B are coefficients of the linear 
least-squares fit. 

2.6.6.2 Perform an analysis of variance with 
replication test using two factors, spin speed 
and lot, to check the interaction of speed 
and lot. Use the values from Table 2.6.5 and 
Table 2.6.6.1 of this Appendix in the calcula-
tion. The ‘‘P’’ value of the F-statistic for 
interaction between spin speed and lot in the 
variance analysis shall be greater than or 
equal to 0.1. If the ‘‘P’’ value is less than 0.1, 
the test cloth is unacceptable. ‘‘P’’ is a theo-
retically based measure of interaction based 
on an analysis of variance. 

2.6.7 Application of RMC correction curve. 
2.6.7.1 Using the coefficients A and B cal-

culated in 2.6.6.1 of this appendix: 

RMCcorr = A * RMC + B 
2.6.7.2 Substitute RMCcorr values in calcula-

tions in 3.8 of this appendix. 
2.7 Test Load Sizes. Maximum, minimum, 

and, when required, average test load sizes 
shall be determined using Table 5.1 and the 
clothes container capacity as measured in 
3.1.1 through 3.1.5. Test loads shall consist of 
energy test cloths, except that adjustments 
to the test loads to achieve proper weight 
can be made by the use of energy stuffer 
cloths with no more than 5 stuffer clothes 
per load. 

2.8 Use of Test Loads. Table 2.8 defines the 
test load sizes and corresponding water fill 
settings which are to be used when meas-
uring water and energy consumptions. 
Adaptive water fill control system and man-

ual water fill control system are defined in 
section 1 of this appendix: 

TABLE 2.8—TEST LOAD SIZES AND WATER FILL 
SETTINGS REQUIRED 

Manual water fill 
control system 

Adaptive water fill control system 

Test load 
size 

Water fill 
setting 

Test load size Water fill setting 

Max 
Min 

Max 
Min 

Max 
Avg 
Min 

As determined by 
the Clothes 
Washer. 

2.8.1 The test load sizes to be used to meas-
ure RMC are specified in section 3.8.1. 

2.8.2 Test loads for energy and water con-
sumption measurements shall be bone dry 
prior to the first cycle of the test, and dried 
to a maximum of 104 percent of bone dry 
weight for subsequent testing. 

2.8.3 Load the energy test cloths by grasp-
ing them in the center, shaking them to 
hang loosely and then put them into the 
clothes container prior to activating the 
clothes washer. 

2.9 Pre-conditioning. 
2.9.1 Nonwater-heating clothes washer. If the 

clothes washer has not been filled with water 
in the preceding 96 hours, pre-condition it by 
running it through a cold rinse cycle and 
then draining it to ensure that the hose, 
pump, and sump are filled with water. 

2.9.2 Water-heating clothes washer. If the 
clothes washer has not been filled with water 
in the preceding 96 hours, or if it has not 
been in the test room at the specified ambi-
ent conditions for 8 hours, pre-condition it 
by running it through a cold rinse cycle and 
then draining it to ensure that the hose, 
pump, and sump are filled with water. 

2.10 Wash time setting. If one wash time is 
prescribed in the energy test cycle, that 
shall be the wash time setting; otherwise, 
the wash time setting shall be the higher of 
either the minimum or 70 percent of the 
maximum wash time available in the energy 
test cycle, regardless of the labeling of sug-
gested dial locations. If the clothes washer is 
equipped with an electromechanical dial con-
trolling wash time, reset the dial to the min-
imum wash time and then turn it in the di-
rection of increasing wash time to reach the 
appropriate setting. If the appropriate set-
ting is passed, return the dial to the min-
imum wash time and then turn in the direc-
tion of increasing wash time until the set-
ting is reached. 

2.11 Test room temperature for water-heating 
clothes washers. Maintain the test room am-
bient air temperature at 75 °F±5 °F (23.9 
°C±2.8 °C). 

3. Test Measurements 

3.1 Clothes container capacity. Measure the 
entire volume which a dry clothes load could 
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occupy within the clothes container during 
washer operation according to the following 
procedures: 

3.1.1 Place the clothes washer in such a po-
sition that the uppermost edge of the clothes 
container opening is leveled horizontally, so 
that the container will hold the maximum 
amount of water. 

3.1.2 Line the inside of the clothes con-
tainer with 2 mil (0.051 mm) plastic sheet. 
All clothes washer components which occupy 
space within the clothes container and which 
are recommended for use with the energy 
test cycle shall be in place and shall be lined 
with 2 mil (0.051 mm) plastic sheet to prevent 
water from entering any void space. 

3.1.3 Record the total weight of the ma-
chine before adding water. 

3.1.4 Fill the clothes container manually 
with either 60 °F±5 °F (15.6 °C±2.8 °C) or 100 
°F±10 °F (37.8 °C±5.5 °C) water to its upper-
most edge. Measure and record the weight of 
water, W, in pounds. 

3.1.5 The clothes container capacity is cal-
culated as follows: 

C=W/d. 

where: 
C=Capacity in cubic feet (liters). 
W=Mass of water in pounds (kilograms). 
d=Density of water (62.0 lbs/ft3 for 100 °F (993 

kg/m3 for 37.8 °C) or 62.3 lbs/ft3 for 60 °F 
(998 kg/m3 for 15.6 °C)). 

3.2 Procedure for measuring water and energy 
consumption values on all automatic and semi- 
automatic washers. All energy consumption 
tests shall be performed under the energy 
test cycle(s), unless otherwise specified. 
Table 3.2 defines the sections below which 
govern tests of particular clothes washers, 
based on the number of wash/rinse tempera-
ture selections available on the model, and 
also, in some instances, method of water 
heating. The procedures prescribed are appli-
cable regardless of a clothes washer’s wash-
ing capacity, loading port location, primary 
axis of rotation of the clothes container, and 
type of control system. 

3.2.1 Inlet water temperature and the wash/ 
rinse temperature settings. 

3.2.1.1 For automatic clothes washers set 
the wash/rinse temperature selection control 
to obtain the wash water temperature de-
sired (extra hot, hot, warm, or cold) and cold 
rinse, and open both the hot and cold water 
faucets. 

3.2.1.2 For semi-automatic washers: (1) For 
hot water temperature, open the hot water 
faucet completely and close the cold water 
faucet; (2) for warm inlet water temperature, 
open both hot and cold water faucets com-
pletely; (3) for cold water temperature, close 
the hot water faucet and open the cold water 
faucet completely. 

3.2.1.3 Determination of warm wash water 
temperature(s) to decide whether a clothes 

washer has uniformly distributed warm wash 
temperature selections. The wash water tem-
perature, Tw, of each warm water wash se-
lection shall be calculated or measured. 

For non-water-heating clothes washers, 
calculate Tw as follows: 

Tw(°F)=((Hw×135 °F)+(Cw×60 °F))/(Hw+Cw) 

or 

Tw(°C)=((Hw×57.2 °C)+(Cw×15.6 °C))/(Hw+Cw) 

where: 
Hw=Hot water consumption of a warm wash 
Cw=Cold water consumption of a warm wash 

For water-heating clothes washers, meas-
ure and record the temperature of each warm 
wash selection after fill. 

3.2.2 Total water consumption during the 
energy test cycle shall be measured, includ-
ing hot and cold water consumption during 
wash, deep rinse, and spray rinse. 

3.2.3 Clothes washers with adaptive water fill/ 
manual water fill control systems 

3.2.3.1 Clothes washers with adaptive water 
fill control system and alternate manual water 
fill control systems. If a clothes washer with 
an adaptive water fill control system allows 
consumer selection of manual controls as an 
alternative, then both manual and adaptive 
modes shall be tested and, for each mode, the 
energy consumption (HET, MET, and DE) and 
water consumption (QT), values shall be cal-
culated as set forth in section 4. Then the av-
erage of the two values (one from each mode, 
adaptive and manual) for each variable shall 
be used in section 4 for the clothes washer. 

3.2.3.2 Clothes washers with adaptive water 
fill control system. 

3.2.3.2.1. Not user adjustable. The max-
imum, minimum, and average water levels 
as defined in the following sections shall be 
interpreted to mean that amount of water 
fill which is selected by the control system 
when the respective test loads are used, as 
defined in Table 2.8. The load usage factors 
which shall be used when calculating energy 
consumption values are defined in Table 
4.1.3. 

3.2.3.2.2 User adjustable. Four tests shall be 
conducted on clothes washers with user ad-
justable adaptive water fill controls which 
affect the relative wash water levels. The 
first test shall be conducted with the max-
imum test load and with the adaptive water 
fill control system set in the setting that 
will give the most energy intensive result. 
The second test shall be conducted with the 
minimum test load and with the adaptive 
water fill control system set in the setting 
that will give the least energy intensive re-
sult. The third test shall be conducted with 
the average test load and with the adaptive 
water fill control system set in the setting 
that will give the most energy intensive re-
sult for the given test load. The fourth test 
shall be conducted with the average test load 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00431 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



422 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. J1 

and with the adaptive water fill control sys-
tem set in the setting that will give the least 
energy intensive result for the given test 
load. The energy and water consumption for 
the average test load and water level, shall 
be the average of the third and fourth tests. 

3.2.3.3 Clothes washers with manual water fill 
control system. In accordance with Table 2.8, 

the water fill selector shall be set to the 
maximum water level available on the 
clothes washer for the maximum test load 
size and set to the minimum water level for 
the minimum test load size. The load usage 
factors which shall be used when calculating 
energy consumption values are defined in 
Table 4.1.3. 

TABLE 3.2—TEST SECTION REFERENCE 

Max. Wash Temp. Available ................................ ≤135 °F (57.2 °C) >135 °F (57.2 °C) 2 
Number of Wash Temp. Selections .................... 1 2 >2 3 >3 
Test Sections Required to be Followed .............. ................ ................ ................ 3.3 3.3 

................ 3.4 3.4 ................ 3.4 

................ ................ 3.5 3.5 3.5 
3.6 3.6 3.6 3.6 3.6 

1 3.7 1 3.7 1 3.7 1 3.7 1 3.7 
3.8 3.8 3.8 3.8 3.8 

1 Only applicable to machines with warm rinse in any cycle. 
2 This only applies to water hearting clothes washers on which the maximum wash temperature available exceeds 135 °F 

(57.2 °C) 

3.3 ‘‘Extra Hot Wash’’ (Max Wash Temp >135 
°F (57.2 °C)) for water heating clothes washers 
only. Water and electrical energy consump-
tion shall be measured for each water fill 
level and/or test load size as specified in 3.3.1 
through 3.3.3 for the hottest wash setting 
available. 

3.3.1 Maximum test load and water fill. Hot 
water consumption (Hmx), cold water con-
sumption (Cmx), and electrical energy con-
sumption (Emx) shall be measured for an 
extra hot wash/cold rinse energy test cycle, 
with the controls set for the maximum water 
fill level. The maximum test load size is to 
be used and shall be determined per Table 
5.1. 

3.3.2 Minimum test load and water fill. Hot 
water consumption (Hmn), cold water con-
sumption (Cmn), and electrical energy con-
sumption (Emn) shall be measured for an 
extra hot wash/cold rinse energy test cycle, 
with the controls set for the minimum water 
fill level. The minimum test load size is to 
be used and shall be determined per Table 
5.1. 

3.3.3 Average test load and water fill. For 
clothes washers with an adaptive water fill 
control system, measure the values for hot 
water consumption (Hma), cold water con-
sumption (Cma), and electrical energy con-
sumption (Ema) for an extra hot wash/cold 
rinse energy test cycle, with an average test 
load size as determined per Table 5.1. 

3.4 ‘‘Hot Wash’’ (Max Wash Temp≤135 °F (57.2 
°C)). Water and electrical energy consump-
tion shall be measured for each water fill 
level or test load size as specified in 3.4.1 
through 3.4.3 for a 135 °F (57.2 °C)) wash, if 
available, or for the hottest selection less 
than 135 °F (57.2 °C)). 

3.4.1 Maximum test load and water fill. Hot 
water consumption (Hhx), cold water con-

sumption (Chx), and electrical energy con-
sumption (Ehx) shall be measured for a hot 
wash/cold rinse energy test cycle, with the 
controls set for the maximum water fill 
level. The maximum test load size is to be 
used and shall be determined per Table 5.1. 

3.4.2 Minimum test load and water fill. Hot 
water consumption (Hhn), cold water con-
sumption (Chn), and electrical energy con-
sumption (Ehn) shall be measured for a hot 
wash/cold rinse energy test cycle, with the 
controls set for the minimum water fill 
level. The minimum test load size is to be 
used and shall be determined per Table 5.1. 

3.4.3 Average test load and water fill. For 
clothes washers with an adaptive water fill 
control system, measure the values for hot 
water consumption (Hha), cold water con-
sumption (Cha), and electrical energy con-
sumption (Eha) for a hot wash/cold rinse en-
ergy test cycle, with an average test load 
size as determined per Table 5.1. 

3.5 ‘‘Warm Wash.’’ Water and electrical en-
ergy consumption shall be determined for 
each water fill level and/or test load size as 
specified in 3.5.1 through 3.5.2.3 for the appli-
cable warm water wash temperature(s). 

3.5.1 Clothes washers with uniformly distrib-
uted warm wash temperature selection(s). The 
reportable values to be used for the warm 
water wash setting shall be the arithmetic 
average of the measurements for the hot and 
cold wash selections. This is a calculation 
only, no testing is required. 

3.5.2 Clothes washers that lack uniformly dis-
tributed warm wash temperature selections. For 
a clothes washer with fewer than four dis-
crete warm wash selections, test all warm 
wash temperature selections. For a clothes 
washer that offers four or more warm wash 
selections, test at all discrete selections, or 
test at 25 percent, 50 percent, and 75 percent 
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positions of the temperature selection device 
between the hottest hot (≤135 °F (57.2 °C)) 
wash and the coldest cold wash. If a selection 
is not available at the 25, 50 or 75 percent po-
sition, in place of each such unavailable se-
lection use the next warmer setting. Each re-
portable value to be used for the warm water 
wash setting shall be the arithmetic average 
of all tests conducted pursuant to this sec-
tion. 

3.5.2.1 Maximum test load and water fill. Hot 
water consumption (Hwx), cold water con-
sumption (Cwx), and electrical energy con-
sumption (Ewx) shall be measured with the 
controls set for the maximum water fill 
level. The maximum test load size is to be 
used and shall be determined per Table 5.1. 

3.5.2.2 Minimum test load and water fill. Hot 
water consumption (Hwn), cold water con-
sumption (Cwn), and electrical energy con-
sumption (Ewn) shall be measured with the 
controls set for the minimum water fill 
level. The minimum test load size is to be 
used and shall be determined per Table 5.1. 

3.5.2.3 Average test load and water fill. For 
clothes washers with an adaptive water fill 
control system, measure the values for hot 
water consumption (Hwa), cold water con-
sumption (Cwa), and electrical energy con-
sumption (Ewa) with an average test load 
size as determined per Table 5.1. 

3.6 ‘‘Cold Wash’’ (Minimum Wash Tempera-
ture Selection). Water and electrical energy 
consumption shall be measured for each 
water fill level or test load size as specified 
in sections 3.6.1 through 3.6.3 of this Appen-
dix for the coldest wash temperature selec-
tion available. For a clothes washer that of-
fers two or more wash temperature settings 
labeled as cold, such as ‘‘Cold’’ and ‘‘Tap 
Cold’’, the setting with the minimum wash 
temperature shall be considered the cold 
wash. If any of the other cold wash tempera-
ture settings add hot water to raise the wash 
temperature above the cold water supply 
temperature, as defined in section 2.3 of this 
Appendix, those setting(s) shall be consid-
ered warm wash setting(s), as defined in sec-
tion 1.18 of this Appendix. If none of the cold 
wash temperature settings add hot water for 
any of the water fill levels or test load sizes 
required for the energy test cycle, the wash 
temperature setting labeled as ‘‘Cold’’ shall 
be considered the cold wash, and the other 
wash temperature setting(s) labeled as cold 
shall not be required for testing. 

3.7 Warm Rinse. Tests in sections 3.7.1 and 
3.7.2 shall be conducted with the hottest 
rinse temperature available. If multiple 
wash temperatures are available with the 
hottest rinse temperature, any ‘‘warm wash’’ 
temperature may be selected to conduct the 
tests. 

3.7.1 For the rinse only, measure the 
amount of hot water consumed by the 
clothes washer including all deep and spray 
rinses, for the maximum (Rx), minimum (Rn), 

and, if required by section 3.5.2.3, average 
(Ra) test load sizes or water fill levels. 

3.7.2 Measure the amount of electrical en-
ergy consumed by the clothes washer to heat 
the rinse water only, including all deep and 
spray rinses, for the maximum (ERx), min-
imum (ERn), and, if required by section 
3.5.2.3, average (ERa), test load sizes or water 
fill levels. 

3.8 Remaining Moisture Content: 
3.8.1 The wash temperature will be the 

same as the rinse temperature for all test-
ing. Use the maximum test load as defined in 
Table 5.1 and section 3.1 for testing. 

3.8.2 For clothes washers with cold rinse only: 
3.8.2.1 Record the actual ‘bone dry’ weight 

of the test load (WImax), then place the test 
load in the clothes washer. 

3.8.2.2 Set water level selector to maximum 
fill. 

3.8.2.3 Run the energy test cycle. 
3.8.2.4 Record the weight of the test load 

immediately after completion of the energy 
test cycle (WCmax). 

3.8.2.5 Calculate the remaining moisture 
content of the maximum test load, RMCMAX, 
expressed as a percentage and defined as: 

RMCmax = ((WCmax¥WImax)/WImax)×100% 

3.8.3 For clothes washers with cold and warm 
rinse options: 

3.8.3.1 Complete steps 3.8.2.1 through 3.8.2.4 
for cold rinse. Calculate the remaining mois-
ture content of the maximum test load for 
cold rinse, RMCCOLD, expressed as a percent-
age and defined as: 

RMCCOLD = ((WCmax¥WImax)/WImax)×100% 

3.8.3.2 Complete steps 3.8.2.1 through 3.8.2.4 
for warm rinse. Calculate the remaining 
moisture content of the maximum test load 
for warm rinse, RMCWARM, expressed as a per-
centage and defined as: 

RMCWARM = ((WCmax¥WImax)/WImax)×100% 

3.8.3.3 Calculate the remaining moisture 
content of the maximum test load, RMCmax, 
expressed as a percentage and defined as: 

RMCmax = RMCCOLD×(1- 
TUFr)+RMCWARM×(TUFr). 

where: 

TUFr is the temperature use factor for warm 
rinse as defined in Table 4.1.1. 

3.8.4 Clothes washers which have options 
that result in different RMC values, such as 
multiple selection of spin speeds or spin 
times, that are available in the energy test 
cycle, shall be tested at the maximum and 
minimum extremes of the available options, 
excluding any ‘‘no spin’’ (zero spin speed) 
settings, in accordance with requirements in 
3.8.2 or 3.8.3. The calculated RMCmax extraction 
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and RMCmin extraction at the maximum and min-
imum settings, respectively, shall be com-
bined as follows and the final RMC to be used 
in section 4.3 shall be: 

RMC = 0.75 × RMCmax extraction + 0.25 × RMCmin ex-
traction 

4. Calculation of Derived Results From Test 
Measurements 

4.1 Hot water and machine electrical energy 
consumption of clothes washers. 

4.1.1 Per-cycle temperature-weighted hot 
water consumption for maximum, average, and 
minimum water fill levels using each appro-
priate load size as defined in section 2.8 and 
Table 5.1. Calculate for the cycle under test 
the per-cycle temperature weighted hot 
water consumption for the maximum water 
fill level, Vhx, the average water fill level, 
Vha, and the minimum water fill level, Vhn, 
expressed in gallons per cycle (or liters per 
cycle) and defined as: 

(a) Vhx = [Hmx×TUFm]+[Hhx×TUFh]+[Hwx 
×TUFw]+[Hcx×TUFc]+[Rx×TUFr] 

(b) Vha = [Hma×TUFm]+[Hha×TUFh]+[Hwa 
×TUFw]+[Hca×TUFc]+[Ra×TUFr] 

(c) Vhn = [Hmn×TUFm]+[Hhn×TUFh]+[Hwn 
×TUFw]+[Hcn×TUFc]+[Rn×TUFr] 

where: 

Hmx, Hma, and Hmn, are reported hot water 
consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the extra-hot wash cycle with 

the appropriate test loads as defined in 
section 2.8. 

Hhx, Hha, and Hhn, are reported hot water 
consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the hot wash cycle with the 
appropriate test loads as defined in sec-
tion 2.8. 

Hwx, Hwa, and Hwn, are reported hot water 
consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the warm wash cycle with the 
appropriate test loads as defined in sec-
tion 2.8. 

Hcx, Hca, and Hcn, are reported hot water 
consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the cold wash cycle with the 
appropriate test loads as defined in sec-
tion 2.8. 

Rx, Ra, and Rn are the reported hot water 
consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the warm rinse cycle and the 
appropriate test loads as defined in sec-
tion 2.8. 

TUFm, TUFh, TUFw, TUFc, and TUFr are tem-
perature use factors for extra hot wash, 
hot wash, warm wash, cold wash, and 
warm rinse temperature selections, re-
spectively, and are as defined in Table 
4.1.1. 

TABLE 4.1.1—TEMPERATURE USE FACTORS 

Max Wash Temp Available ........... ≤135 °F ≤135 °F ≤135 °F >135 °F >135 °F 
(57.2 °C) (57.2 °C) (57.2 °C) (57.2 °C) (57.2 °C) 

No. Wash Temp Selections .......... Single 2 Temps >2 Temps 3 Temps >3 Temps 
TUFm (extra hot) ........................... NA NA NA 0.14 0.05 
TUFh (hot) ..................................... NA 0.63 0.14 NA 0.09 
TUFw (warm) ................................. NA NA 0.49 0.49 0.49 
TUFc (cold) .................................... 1.00 0.37 0.37 0.37 0.37 
TUFr (warm rinse) ......................... 0.27 0.27 0.27 0.27 0.27 

4.1.2 Total per-cycle hot water energy con-
sumption for all maximum, average, and min-
imum water fill levels tested. Calculate the 
total per-cycle hot water energy consump-
tion for the maximum water fill level, HEmax, 
the minimum water fill level, HEmin, and the 
average water fill level, HEavg, expressed in 
kilowatt-hours per cycle and defined as: 

(a) HEmax = [Vhx×T×K]=Total energy when a 
maximum load is tested. 

(b) HEavg = [Vha×T×K]=Total energy when an 
average load is tested. 

(c) HEmin = [Vhn×T×K]=Total energy when a 
minimum load is tested. 

where: 

T=Temperature rise=75 °F (41.7 °C). 
K=Water specific heat in kilowatt-hours per 

gallon degree F=0.00240 (0.00114 kWh/L- 
°C). 

Vhx Vha, and Vhn, are as defined in 4.1.1. 

4.1.3 Total weighted per-cycle hot water en-
ergy consumption. Calculate the total weight-
ed per cycle hot water energy consumption, 
HET, expressed in kilowatt-hours per cycle 
and defined as: 

HET = [HEmax×Fmax]+[HEavg×Favg]+[HEmn×Fmin] 

where: 
HEmax, HEavg, and HEmin are as defined in 4.1.2. 
Fmax, Favg, and Fmin are the load usage factors 

for the maximum, average, and minimum 
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test loads based on the size and type of 
control system on the washer being test-
ed. The values are as shown in table 4.1.3. 

TABLE 4.1.3—LOAD USAGE FACTORS 

Water fill control system Manual Adaptive 

Fmax = ............................................ 0.72 1 0.12 2 
Favg = ............................................. .................. 0.74 2 
Fmin = ............................................. 0.28 1 0.14 2 

1 Reference 3.2.3.3. 
2 Reference 3.2.3.2. 

4.1.4 Total per-cycle hot water energy con-
sumption using gas-heated or oil-heated water. 
Calculate for the energy test cycle the per- 
cycle hot water consumption, HETG, using 
gas-heated or oil-heated water, expressed in 
Btu per cycle (or megajoules per cycle) and 
defined as: 
HETG = HET×1/e×3412 Btu/kWh or HETG = 

HET×1/e×3.6 MJ/kWh 
Where: 
e = Nominal gas or oil water heater 

efficiency=0.75. 
HET = As defined in 4.1.3. 

4.1.5 Per-cycle machine electrical energy con-
sumption for all maximum, average, and min-
imum test load sizes. Calculate the total per- 
cycle machine electrical energy consumption 
for the maximum water fill level, MEmax, the 
minimum water fill level, MEmin, and the av-
erage water fill level, MEavg, expressed in kil-
owatt-hours per cycle and defined as: 

(a)MEmax = [Emx×TUFm]+ [Ehx×TUFh]+ 
[Ewx×TUFw]+ [Ecx×TUFc]+ [ERx×TUFr] 

(b) MEavg = [Ema×TUFm]+ [Eha×TUFh]+ 
[Ewa×TUFw]+ [Eca×TUFc]+ [ERa×TUFr] 

(c) MEmin = [Emn×TUFm]+ [Ehn×TUFh]+ 
[Ewn×TUFw]+ [Ecn×xTUFc]+ [ERn×TUFr] 

where: 
Emx, Ema, and Emn, are reported electrical 

energy consumption values, in kilowatt- 
hours per cycle, at maximum, average, 
and minimum test loads, respectively, 
for the extra-hot wash cycle. 

Ehx, Eha, and Ehn, are reported electrical en-
ergy consumption values, in kilowatt- 
hours per cycle, at maximum, average, 
and minimum test loads, respectively, 
for the hot wash cycle. 

Ewx, Ewa, and Ewn, are reported electrical en-
ergy consumption values, in kilowatt- 
hours per cycle, at maximum, average, 
and minimum test loads, respectively, 
for the warm wash cycle. 

Ecx, Eca, and Ecn, are reported electrical en-
ergy consumption values, in kilowatt- 
hours per cycle, at maximum, average, 
and minimum test loads, respectively, 
for the cold wash cycle. 

ERx, ERa, ERn, are reported electrical energy 
consumption values, in kilowatt-hours 
per cycle, at maximum, average, and 
minimum test loads, respectively, for the 

warm rinse cycle per definitions in 3.7.2 
of this appendix. 

TUFm, TUFh, TUFw, TUFc, and TUFr are as 
defined in Table 4.1.1. 

4.1.6 Total weighted per-cycle machine elec-
trical energy consumption. Calculate the total 
per cycle load size weighted energy consump-
tion, MET, expressed in kilowatt-hours per 
cycle and defined as: 

MET = [MEmax× Fmax]+[MEavg× Favg]+[MEmin× 
Fmin] 

where: 
MEmax, MEavg, and MEmin are as defined in 

4.1.5. 
Fmax, Favg, and Fmin are as defined in Table 

4.1.3. 

4.1.7 Total per-cycle energy consumption 
when electrically heated water is used. Cal-
culate for the energy test cycle the total per- 
cycle energy consumption, ETE, using elec-
trical heated water, expressed in kilowatt- 
hours per cycle and defined as: 

ETE = HET+MET 

where: 
MET = As defined in 4.1.6. 
HET = As defined in 4.1.3. 

4.2 Water consumption of clothes washers. 
4.2.1 Per-cycle water consumption. Calculate 

the maximum, average, and minimum total 
water consumption, expressed in gallons per 
cycle (or liters per cycle), for the cold wash/ 
cold rinse cycle and defined as: 

Qmax = [Hcx+Ccx] 
Qavg = [Hca+Cca] 
Qmin = [Hcn+Ccn] 

where: 
Hcx, Ccx, Hca, Cca, Hcn, and Ccn are as defined 

in 3.6. 

4.2.2 Total weighted per-cycle water consump-
tion. Calculate the total weighted per cycle 
consumption, QT, expressed in gallons per 
cycle (or liters per cycle) and defined as: 

QT = [Qmax×Fmax]+[Qavg×Favg]+[Qmin×Fmin] 

where: 
Qmax, Qavg, and Qmin are as defined in 4.2.1. 
Fmax, Favg, and Fmin are as defined in table 

4.1.3. 

4.2.3 Water factor. Calculate the water fac-
tor, WF, expressed in gallons per cycle per 
cubic foot (or liters per cycle per liter), as: 
WF = QT/C 
Where: 
QT = As defined in section 4.2.2. 
C = As defined in section 3.1.5. 

4.3 Per-cycle energy consumption for removal 
of moisture from test load. Calculate the per- 
cycle energy required to remove the mois-
ture of the test load, DE, expressed in kilo-
watt-hours per cycle and defined as 
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DE = (LAF)×(Maximum test load 
weight)×(RMC—4%)×(DEF)×(DUF) 

where: 

LAF=Load adjustment factor=0.52. 
Test load weight=As required in 3.8.1, ex-

pressed in lbs/cycle. 
RMC=As defined in 3.8.2.5, 3.8.3.3 or 3.8.4. 
DEF=nominal energy required for a clothes 

dryer to remove moisture from 
clothes=0.5 kWh/lb (1.1 kWh/kg). 

DUF=dryer usage factor, percentage of wash-
er loads dried in a clothes dryer=0.84. 

4.4 Modified energy factor. Calculate the 
modified energy factor, MEF, expressed in 
cubic feet per kilowatt-hour per cycle (or li-
ters per kilowatt-hour per cycle) and defined 
as: 

MEF=C/(ETE + DE) 

where: 

C=As defined in 3.1.5. 
ETE = As defined in 4.1.7. 
DE = As defined in 4.3. 

5. TEST LOADS 

TABLE 5.1—TEST LOAD SIZES 

Container volume Minimum load Maximum load Average load 

cu. ft. 
≥< 

liter 
≥< lb kg lb kg lb kg 

0–0.80 ................. 0–22.7 ................. 3.00 1.36 3.00 1.36 3.00 1.36 
0.80–0.90 ............ 22.7–25.5 ............ 3.00 1.36 3.50 1.59 3.25 1.47 
0.90–1.00 ............ 25.5–28.3 ............ 3.00 1.36 3.90 1.77 3.45 1.56 
1.00–1.10 ............ 28.3–31.1 ............ 3.00 1.36 4.30 1.95 3.65 1.66 
1.10–1.20 ............ 31.1–34.0 ............ 3.00 1.36 4.70 2.13 3.85 1.75 
1.20–1.30 ............ 34.0–36.8 ............ 3.00 1.36 5.10 2.31 4.05 1.84 
1.30–1.40 ............ 36.8–39.6 ............ 3.00 1.36 5.50 2.49 4.25 1.93 
1.40–1.50 ............ 39.6–42.5 ............ 3.00 1.36 5.90 2.68 4.45 2.02 
1.50–1.60 ............ 42.5–45.3 ............ 3.00 1.36 6.40 2.90 4.70 2.13 
1.60–1.70 ............ 45.3–48.1 ............ 3.00 1.36 6.80 3.08 4.90 2.22 
1.70–1.80 ............ 48.1–51.0 ............ 3.00 1.36 7.20 3.27 5.10 2.31 
1.80–1.90 ............ 51.0–53.8 ............ 3.00 1.36 7.60 3.45 5.30 2.40 
1.90–2.00 ............ 53.8–56.6 ............ 3.00 1.36 8.00 3.63 5.50 2.49 
2.00–2.10 ............ 56.6–59.5 ............ 3.00 1.36 8.40 3.81 5.70 2.59 
2.10–2.20 ............ 59.5–62.3 ............ 3.00 1.36 8.80 3.99 5.90 2.68 
2.20–2.30 ............ 62.3–65.1 ............ 3.00 1.36 9.20 4.17 6.10 2.77 
2.30–2.40 ............ 65.1–68.0 ............ 3.00 1.36 9.60 4.35 6.30 2.86 
2.40–2.50 ............ 68.0–70.8 ............ 3.00 1.36 10.00 4.54 6.50 2.95 
2.50–2.60 ............ 70.8–73.6 ............ 3.00 1.36 10.50 4.76 6.75 3.06 
2.60–2.70 ............ 73.6–76.5 ............ 3.00 1.36 10.90 4.94 6.95 3.15 
2.70–2.80 ............ 76.5–79.3 ............ 3.00 1.36 11.30 5.13 7.15 3.24 
2.80–2.90 ............ 79.3–82.1 ............ 3.00 1.36 11.70 5.31 7.35 3.33 
2.90–3.00 ............ 82.1–85.0 ............ 3.00 1.36 12.10 5.49 7.55 3.42 
3.00–3.10 ............ 85.0–87.8 ............ 3.00 1.36 12.50 5.67 7.75 3.52 
3.10–3.20 ............ 87.8–90.6 ............ 3.00 1.36 12.90 5.85 7.95 3.61 
3.20–3.30 ............ 90.6–93.4 ............ 3.00 1.36 13.30 6.03 8.15 3.70 
3.30–3.40 ............ 93.4–96.3 ............ 3.00 1.36 13.70 6.21 8.35 3.79 
3.40–3.50 ............ 96.3–99.1 ............ 3.00 1.36 14.10 6.40 8.55 3.88 
3.50–3.60 ............ 99.1–101.9 .......... 3.00 1.36 14.60 6.62 8.80 3.99 
3.60–3.70 ............ 101.9–104.8 ........ 3.00 1.36 15.00 6.80 9.00 4.08 
3.70–3.80 ............ 104.8–107.6 ........ 3.00 1.36 15.40 6.99 9.20 4.17 
3.80–3.90 ............ 107.6–110.4 ........ 3.00 1.36 15.80 7.16 9.40 4.26 
3.90–4.00 ............ 110.4–113.3 ........ 3.00 1.36 16.20 7.34 9.60 4.35 
4.00–4.10 ............ 113.3–116.1 ........ 3.00 1.36 16.60 7.53 9.80 4.45 
4.10–4.20 ............ 116.1–118.9 ........ 3.00 1.36 17.00 7.72 10.00 4.54 
4.20–4.30 ............ 118.9–121.8 ........ 3.00 1.36 17.40 7.90 10.20 4.63 
4.30–4.40 ............ 121.8–124.6 ........ 3.00 1.36 17.80 8.09 10.40 4.72 
4.40–4.50 ............ 124.6–127.4 ........ 3.00 1.36 18.20 8.27 10.60 4.82 
4.50–4.60 ............ 127.4–130.3 ........ 3.00 1.36 18.70 8.46 10.85 4.91 
4.60–4.70 ............ 130.3–133.1 ........ 3.00 1.36 19.10 8.65 11.05 5.00 
4.70–4.80 ............ 133.1–135.9 ........ 3.00 1.36 19.50 8.83 11.25 5.10 
4.80–4.90 ............ 135.9–138.8 ........ 3.00 1.36 19.90 9.02 11.45 5.19 
4.90–5.00 ............ 138.8–141.6 ........ 3.00 1.36 20.30 9.20 11.65 5.28 
5.00–5.10 ............ 141.6–144.4 ........ 3.00 1.36 20.70 9.39 11.85 5.38 
5.10–5.20 ............ 144.4–147.2 ........ 3.00 1.36 21.10 9.58 12.05 5.47 
5.20–5.30 ............ 147.2–150.1 ........ 3.00 1.36 21.50 9.76 12.25 5.56 
5.30–5.40 ............ 150.1–152.9 ........ 3.00 1.36 21.90 9.95 12.45 5.65 
5.40–5.50 ............ 152.9–155.7 ........ 3.00 1.36 22.30 10.13 12.65 5.75 
5.50–5.60 ............ 155.7–158.6 ........ 3.00 1.36 22.80 10.32 12.90 5.84 
5.60–5.70 ............ 158.6–161.4 ........ 3.00 1.36 23.20 10.51 13.10 5.93 
5.70–5.80 ............ 161.4–164.2 ........ 3.00 1.36 23.60 10.69 13.30 6.03 
5.80–5.90 ............ 164.2–167.1 ........ 3.00 1.36 24.00 10.88 13.50 6.12 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00436 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



427 

Department of Energy Pt. 430, Subpt. B, App. J1 

TABLE 5.1—TEST LOAD SIZES—Continued 

Container volume Minimum load Maximum load Average load 

cu. ft. 
≥< 

liter 
≥< lb kg lb kg lb kg 

5.90–6.00 ............ 167.1–169.9 ........ 3.00 1.36 24.40 11.06 13.70 6.21 

Notes: (1) All test load weights are bone dry weights. 
(2) Allowable tolerance on the test load weights are ±0.10 lbs (0.05 kg). 

6. Waivers and Field Testing 

6.1 Waivers and Field Testing for Non-conven-
tional Clothes Washers. Manufacturers of non-
conventional clothes washers, such as 
clothes washers with adaptive control sys-
tems, must submit a petition for waiver pur-
suant to 10 CFR 430.27 to establish an accept-
able test procedure for that clothes washer. 
For these and other clothes washers that 
have controls or systems such that the DOE 
test procedures yield results that are so un-
representative of the clothes washer’s true 
energy consumption characteristics as to 
provide materially inaccurate comparative 
data, field testing may be appropriate for es-
tablishing an acceptable test procedure. The 
following are guidelines for field testing 
which may be used by manufacturers in sup-
port of petitions for waiver. These guidelines 
are not mandatory and the Department may 
determine that they do not apply to a par-
ticular model. Depending upon a manufac-
turer’s approach for conducting field testing, 
additional data may be required. Manufac-
turers are encouraged to communicate with 
the Department prior to the commencement 
of field tests which may be used to support a 
petition for waiver. Section 6.3 provides an 
example of field testing for a clothes washer 
with an adaptive water fill control system. 
Other features, such as the use of various 
spin speed selections, could be the subject of 
field tests. 

6.2 Nonconventional Wash System Energy 
Consumption Test. The field test may consist 
of a minimum of 10 of the nonconventional 
clothes washers (‘‘test clothes washers’’) and 
10 clothes washers already being distributed 
in commerce (‘‘base clothes washers’’). The 
tests should include a minimum of 50 energy 
test cycles per clothes washer. The test 
clothes washers and base clothes washers 
should be identical in construction except 
for the controls or systems being tested. 
Equal numbers of both the test clothes wash-
er and the base clothes washer should be 
tested simultaneously in comparable set-
tings to minimize seasonal or consumer 
laundering conditions or variations. The 
clothes washers should be monitored in such 
a way as to accurately record the average 
total energy and water consumption per 
cycle, including water heating energy when 
electrically heated water is used, and the en-
ergy required to remove the remaining mois-

ture of the test load. The field test results 
should be used to determine the best method 
to correlate the rating of the test clothes 
washer to the rating of the base clothes 
washer. 

6.3 Adaptive water fill control system field 
test. Section 3.2.3.1 defines the test method 
for measuring energy consumption for 
clothes washers which incorporate control 
systems having both adaptive and alternate 
cycle selections. Energy consumption cal-
culated by the method defined in section 
3.2.3.1 assumes the adaptive cycle will be 
used 50 percent of the time. This section can 
be used to develop field test data in support 
of a petition for waiver when it is believed 
that the adaptive cycle will be used more 
than 50 percent of the time. The field test 
sample size should be a minimum of 10 test 
clothes washers. The test clothes washers 
should be totally representative of the de-
sign, construction, and control system that 
will be placed in commerce. The duration of 
field testing in the user’s house should be a 
minimum of 50 energy test cycles, for each 
unit. No special instructions as to cycle se-
lection or product usage should be given to 
the field test participants, other than inclu-
sion of the product literature pack which 
would be shipped with all units, and instruc-
tions regarding filling out data collection 
forms, use of data collection equipment, or 
basic procedural methods. Prior to the test 
clothes washers being installed in the field 
test locations, baseline data should be devel-
oped for all field test units by conducting 
laboratory tests as defined by section 1 
through section 5 of these test procedures to 
determine the energy consumption, water 
consumption, and remaining moisture con-
tent values. The following data should be 
measured and recorded for each wash load 
during the test period: wash cycle selected, 
the mode of the clothes washer (adaptive or 
manual), clothes load dry weight (measured 
after the clothes washer and clothes dryer 
cycles are completed) in pounds, and type of 
articles in the clothes load (e.g., cottons, lin-
ens, permanent press). The wash loads used 
in calculating the in-home percentage split 
between adaptive and manual cycle usage 
should be only those wash loads which con-
form to the definition of the energy test 
cycle. 

Calculate: 
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T=The total number of energy test cycles 
run during the field test 
Ta = The total number of adaptive control 
energy test cycles 
Tm = The total number of manual control en-
ergy test cycles 

The percentage weighting factors: 

Pa = (Ta/T)×100 (the percentage weighting for 
adaptive control selection) 
Pm = (Tm/T)×100 (the percentage weighting for 
manual control selection) 

Energy consumption (HET, MET, and DE) 
and water consumption (QT), values cal-
culated in section 4 for the manual and 
adaptive modes, should be combined using Pa 
and Pm as the weighting factors. 

[62 FR 45508, Aug. 27, 1997; 63 FR 16669, Apr. 
6, 1998, as amended at 66 FR 3330, Jan. 12, 
2001; 68 FR 62204, Oct. 31, 2003; 69 FR 18803, 
Apr. 9, 2004; 77 FR 13937, Mar. 7, 2012; 77 FR 
20292, Apr. 4, 2012] 

APPENDIX J2 TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF AUTOMATIC AND SEMI-AUTO-
MATIC CLOTHES WASHERS 

Manufacturers may use Appendix J1 to cer-
tify compliance with existing DOE energy 
conservation standards until the compliance 
date of any amended standards that address 
standby and off mode power consumption for 
residential clothes washers. After this date, 
all residential clothes washers shall be test-
ed using the provisions of Appendix J2. 

1. DEFINITIONS AND SYMBOLS 

1.1 Active mode means a mode in which the 
clothes washer is connected to a mains 
power source, has been activated, and is per-
forming one or more of the main functions of 
washing, soaking, tumbling, agitating, rins-
ing, and/or removing water from the cloth-
ing, or is involved in functions necessary for 
these main functions, such as admitting 
water into the washer or pumping water out 
of the washer. Active mode also includes 
delay start and cycle finished modes. 

1.2 Active washing mode means a mode in 
which the clothes washer is performing any 
of the operations included in a complete 
cycle intended for washing a clothing load, 
including the main functions of washing, 
soaking, tumbling, agitating, rinsing, and/or 
removing water from the clothing. 

1.3 Adaptive control system means a clothes 
washer control system, other than an adapt-
ive water fill control system, which is capa-
ble of automatically adjusting washer oper-
ation or washing conditions based on charac-
teristics of the clothes load placed in the 
clothes container, without allowing or re-
quiring consumer intervention or actions. 

The automatic adjustments may, for exam-
ple, include automatic selection, modifica-
tion, or control of any of the following: Wash 
water temperature, agitation or tumble 
cycle time, number of rinse cycles, and spin 
speed. The characteristics of the clothes 
load, which could trigger such adjustments, 
could, for example, consist of or be indicated 
by the presence of either soil, soap, suds, or 
any other additive laundering substitute or 
complementary product. 

NOTE: Appendix J2 does not provide a 
means for determining the energy consump-
tion of a clothes washer with an adaptive 
control system. A waiver must be obtained 
pursuant to 10 CFR 430.27 to establish an ac-
ceptable test procedure for each such clothes 
washer. 

1.4 Adaptive water fill control system means a 
clothes washer water fill control system 
which is capable of automatically adjusting 
the water fill level based on the size or 
weight of the clothes load placed in the 
clothes container, without allowing or re-
quiring consumer intervention or actions. 

1.5 Bone-dry means a condition of a load of 
test cloth which has been dried in a dryer at 
maximum temperature for a minimum of 10 
minutes, removed and weighed before cool 
down, and then dried again for 10 minute pe-
riods until the final weight change of the 
load is 1 percent or less. 

1.6 Clothes container means the compart-
ment within the clothes washer that holds 
the clothes during the operation of the ma-
chine. 

1.7 Cold rinse means the coldest rinse tem-
perature available on the machine. 

1.8 Combined low-power mode means the ag-
gregate of available modes other than active 
washing mode, including inactive mode, off 
mode, delay start mode, and cycle finished 
mode. 

1.9 Compact means a clothes washer which 
has a clothes container capacity of less than 
1.6 ft3 (45 L). 

1.10 Cycle finished mode means an active 
mode which provides continuous status dis-
play, intermittent tumbling, or air circula-
tion following operation in active washing 
mode. 

1.11 Deep rinse cycle means a rinse cycle in 
which the clothes container is filled with 
water to a selected level and the clothes load 
is rinsed by agitating it or tumbling it 
through the water. 

1.12 Delay start mode means an active mode 
in which activation of active washing mode 
is facilitated by a timer. 

1.13 Energy test cycle for a basic model 
means: 

(A) The cycle selection recommended by 
the manufacturer for washing cotton or 
linen clothes, and includes all wash/rinse 
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temperature selections for each of the tem-
perature use factors (TUFs) offered in that 
cycle, and 

(B) If the cycle selection described in Part 
(A) does not include all wash/rinse tempera-
ture selections for each of the TUFs avail-
able on the clothes washer, the energy test 
cycle shall include, in addition to Part (A), 
the alternate cycle selection(s) offering 
these remaining wash/rinse temperature se-
lection(s), tested only at the wash/rinse tem-
perature selection(s) for each TUF not avail-
able on the cycle selection described in Part 
(A). 

Where multiple alternate cycle selections 
offer a wash/rinse temperature selection for 
which a TUF has been developed, and that is 
not available on the cycle selection rec-
ommended by the manufacturer for washing 
cotton or linen clothes described in Part (A), 
the alternate cycle selection certified by the 
manufacturer to have the highest energy 
consumption for that TUF, as measured ac-
cording to section 2.13, shall be included in 
the energy test cycle, so that each TUF that 
is available on the clothes washer has been 
tested once. 

(C) All cycle selections included under 
Part (A) and all cycle selections included 
under Part (B) shall be tested using each ap-
propriate load size as defined in section 2.8 
and Table 5.1 of this appendix. 

(D) For any cycle selection tested under 
(A) or (B), the manufacturer default settings 
shall be used, except for the temperature se-
lection, if necessary. This includes wash con-
ditions such as agitation/tumble operation, 
soil level, spin speed(s), wash times, rinse 
times, and all other wash parameters or op-
tional features applicable to that cycle, in-
cluding water heating time for water heating 
clothes washers. 

(E) Each wash cycle included as part of the 
energy test cycle shall include the entire ac-
tive washing mode and exclude any delay 
start or cycle finished modes. 

(F) The energy test cycle shall not include 
any cycle, if available, that is dedicated for 
cleaning, deodorizing, or sanitizing the 
clothes washer, and is separate from clothes 
washing cycles. 

1.14 IEC 62301 means the test standard pub-
lished by the International Electrotechnical 
Commission, entitled ‘‘Household electrical 
appliances–Measurement of standby power,’’ 
Publication 62301, Edition 2.0 2011–01 (incor-
porated by reference; see § 430.3). 

1.15 Inactive mode means a standby mode 
that facilitates the activation of active mode 
by remote switch (including remote control), 
internal sensor, or timer, or that provides 
continuous status display. 

1.16 Integrated modified energy factor means 
the quotient of the cubic foot (or liter) ca-
pacity of the clothes container divided by 
the total clothes washer energy consumption 

per cycle, with such energy consumption ex-
pressed as the sum of: 

(a) The machine electrical energy con-
sumption; 

(b) The hot water energy consumption; 
(c) The energy required for removal of the 

remaining moisture in the wash load; and 
(d) The combined low-power mode energy 

consumption. 
1.17 Integrated water factor means the 

quotient of the total weighted per-cycle 
water consumption for all wash cycles in gal-
lons divided by the cubic foot (or liter) ca-
pacity of the clothes washer. 

1.18 Load usage factor means the percentage 
of the total number of wash loads that a user 
would wash a particular size (weight) load. 

1.19 Lot means a quantity of cloth that has 
been manufactured with the same batches of 
cotton and polyester during one continuous 
process. 

1.20 Manual control system means a clothes 
washer control system which requires that 
the consumer make the choices that deter-
mine washer operation or washing condi-
tions, such as, for example, wash/rinse tem-
perature selections and wash time, before 
starting the cycle. 

1.21 Manual water fill control system means a 
clothes washer water fill control system 
which requires the consumer to determine or 
select the water fill level. 

1.22 Modified energy factor means the 
quotient of the cubic foot (or liter) capacity 
of the clothes container divided by the total 
clothes washer energy consumption per 
cycle, with such energy consumption ex-
pressed as the sum of the machine electrical 
energy consumption, the hot water energy 
consumption, and the energy required for re-
moval of the remaining moisture in the wash 
load. 

1.23 Non-water-heating clothes washer means 
a clothes washer which does not have an in-
ternal water heating device to generate hot 
water. 

1.24 Off mode means a mode in which the 
clothes washer is connected to a mains 
power source and is not providing any active 
or standby mode function, and where the 
mode may persist for an indefinite time. An 
indicator that only shows the user that the 
product is in the off position is included 
within the classification of an off mode. 

1.25 Roll means a subset of a lot. 
1.26 Spray rinse cycle means a rinse cycle in 

which water is sprayed onto the clothes for a 
period of time without maintaining any spe-
cific water level in the clothes container. 

1.27 Standard means a clothes washer which 
has a clothes container capacity of 1.6 ft3 (45 
L) or greater. 

1.28 Standby mode means any mode in 
which the clothes washer is connected to a 
mains power source and offers one or more of 
the following user oriented or protective 
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functions that may persist for an indefinite 
time: 

(a) To facilitate the activation of other 
modes (including activation or deactivation 
of active mode) by remote switch (including 
remote control), internal sensor, or timer; 

(b) Continuous functions, including infor-
mation or status displays (including clocks) 
or sensor-based functions. 
A timer is a continuous clock function 
(which may or may not be associated with a 
display) that provides regular scheduled 
tasks (e.g., switching) and that operates on a 
continuous basis. 

1.29 Symbol usage. The following identity 
relationships are provided to help clarify the 
symbology used throughout this procedure. 
C—Capacity 
C (with subscripts)—Cold Water Consump-

tion 
D—Energy Consumption for Removal of 

Moisture from Test Load 
E—Electrical Energy Consumption 
F—Load Usage Factor 
H—Hot Water Consumption 
HE—Hot Water Energy Consumption 
ME—Machine Electrical Energy Consump-

tion 
P—Power 
Q—Water Consumption 
RMC—Remaining Moisture Content 
S—Annual Hours 
TUF—Temperature Use Factor 
V—Temperature-Weighted Hot Water Con-

sumption 
W—Mass of Water 
WC—Weight of Test Load After Extraction 
WI—Initial Weight of Dry Test Load 

Subscripts: 

a or avg—Average Test Load 
B—Part B of the Energy Test Cycle 
c—Cold Wash (minimum wash temp.) 
corr—Corrected (RMC values) 
h—Hot Wash (maximum wash temp. ≤135 °F 

(57.2 °C)) 
ia—Inactive Mode 
LP—Combined Low-Power Mode 
m—Extra Hot Wash (maximum wash temp. 

>135 °F (57.2 °C)) 
n—Minimum Test Load 
o—Off Mode 
oi—Combined Off and Inactive Modes 
T—Total 
w—Warm Wash 
ww—Warm Wash/Warm Rinse 
x—Maximum Test Load 

The following examples are provided to 
show how the above symbols can be used to 
define variables: 

EmX = ‘‘Electrical Energy Consumption’’ for 
an ‘‘Extra Hot Wash’’ and ‘‘Maximum 
Test Load’’ 

HEmin = ‘‘Hot Water Energy Consumption’’ 
for the ‘‘Minimum Test Load’’ 

Pia = ‘‘Power’’ in ‘‘Inactive Mode’’ 

Qhmin = ‘‘Water Consumption’’ for a ‘‘Hot 
Wash’’ and ‘‘Minimum Test Load’’ 

TUFm = ‘‘Temperature Use Factor’’ for an 
‘‘Extra Hot Wash’’ 

1.30 Temperature use factor means, for a par-
ticular wash/rinse temperature setting, the 
percentage of the total number of wash loads 
that an average user would wash with that 
setting. 

1.31 Thermostatically controlled water valves 
means clothes washer controls that have the 
ability to sense and adjust the hot and cold 
supply water. 

1.32 Uniformly distributed warm wash tem-
perature selection(s) means (A) multiple warm 
wash selections for which the warm wash 
water temperatures have a linear relation-
ship with all discrete warm wash selections 
when the water temperatures are plotted 
against equally spaced consecutive warm 
wash selections between the hottest warm 
wash and the coldest warm wash. If the 
warm wash has infinite selections, the warm 
wash water temperature has a linear rela-
tionship with the distance on the selection 
device (e.g. dial angle or slide movement) be-
tween the hottest warm wash and the coldest 
warm wash. The criteria for a linear rela-
tionship as specified above is that the dif-
ference between the actual water tempera-
ture at any warm wash selection and the 
point where that temperature is depicted on 
the temperature/selection line formed by 
connecting the warmest and the coldest 
warm selections is less than ±5 percent. In 
all cases, the mean water temperature of the 
warmest and the coldest warm selections 
must coincide with the mean of the ‘‘hot 
wash’’ (maximum wash temperature ≤135 °F 
(57.2 °C)) and ‘‘cold wash’’ (minimum wash 
temperature) water temperatures within ±3.8 
°F (±2.1 °C); or (B) on a clothes washer with 
only one warm wash temperature selection, 
a warm wash temperature selection with a 
water temperature that coincides with the 
mean of the ‘‘hot wash’’ (maximum wash 
temperature ≤135 °F (57.2 °C)) and ‘‘cold 
wash’’ (minimum wash temperature) water 
temperatures within ±3.8 °F (±2.1 °C). 

1.33 Warm rinse means the hottest rinse 
temperature available on the machine. 

1.34 Warm wash means all wash tempera-
ture selections that are below the maximum 
wash temperature ≤135 °F (57.2 °C) and above 
the minimum wash temperature. 

1.35 Water factor means the quotient of the 
total weighted per-cycle water consumption 
for cold wash divided by the cubic foot (or 
liter) capacity of the clothes washer. 

1.36 Water-heating clothes washer means a 
clothes washer where some or all of the hot 
water for clothes washing is generated by a 
water heating device internal to the clothes 
washer. 
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2. TESTING CONDITIONS 

2.1 Installation. Install the clothes washer 
in accordance with manufacturer’s instruc-
tions. For combined low-power mode testing, 
the product shall be installed in accordance 
with Section 5, Paragraph 5.2 of IEC 62301 
(incorporated by reference; see § 430.3), dis-
regarding the provisions regarding batteries 
and the determination, classification, and 
testing of relevant modes. 

2.2 Electrical energy supply. 
2.2.1 Supply voltage and frequency. Maintain 

the electrical supply at the clothes washer 
terminal block within 2 percent of 120, 120/ 
240, or 120/208Y volts as applicable to the par-
ticular terminal block wiring system and 
within 2 percent of the nameplate frequency 
as specified by the manufacturer. If the 
clothes washer has a dual voltage conversion 
capability, conduct test at the highest volt-
age specified by the manufacturer. 

2.2.2 Supply voltage waveform. For the com-
bined low-power mode testing, maintain the 
electrical supply voltage waveform indicated 
in Section 4, Paragraph 4.3.2 of IEC 62301. If 
the power measuring instrument used for 
testing is unable to measure and record the 
total harmonic content during the test 
measurement period, it is acceptable to 
measure and record the total harmonic con-
tent immediately before and after the test 
measurement period. 

2.3 Supply Water. 
2.3.1 Clothes washers in which electrical en-

ergy consumption or water energy consumption 
are affected by the inlet water temperature. (For 
example, water heating clothes washers or 
clothes washers with thermostatically controlled 
water valves.). The temperature of the hot 
water supply at the water inlets shall not ex-
ceed 135 °F (57.2 °C) and the cold water supply 
at the water inlets shall not exceed 60 °F 
(15.6 °C). A water meter shall be installed in 
both the hot and cold water lines to measure 
water consumption. 

2.3.2 Clothes washers in which electrical en-
ergy consumption and water energy consump-
tion are not affected by the inlet water tempera-
ture. The temperature of the hot water sup-
ply shall be maintained at 135 °F ±5 °F (57.2 
°C ±2.8 °C) and the cold water supply shall be 
maintained at 60 °F ±5 °F (15.6 °C ±2.8 °C). A 
water meter shall be installed in both the 
hot and cold water lines to measure water 
consumption. 

2.4 Water pressure. The static water pres-
sure at the hot and cold water inlet connec-
tion of the clothes washer shall be main-
tained at 35 pounds per square inch gauge 
(psig) ±2.5 psig (241.3 kPa ±17.2 kPa) when the 
water is flowing. The static water pressure 
for a single water inlet connection shall be 
maintained at 35 psig ±2.5 psig (241.3 kPa 
±17.2 kPa) when the water is flowing. A water 
pressure gauge shall be installed in both the 

hot and cold water lines to measure water 
pressure. 

2.5 Instrumentation. Perform all test meas-
urements using the following instruments, 
as appropriate: 

2.5.1 Weighing scales. 
2.5.1.1 Weighing scale for test cloth. The scale 

shall have a resolution of no larger than 0.2 
oz (5.7 g) and a maximum error no greater 
than 0.3 percent of the measured value. 

2.5.1.2 Weighing scale for clothes container 
capacity measurement. The scale should have 
a resolution no larger than 0.50 lbs (0.23 kg) 
and a maximum error no greater than 0.5 
percent of the measured value. 

2.5.2 Watt-hour meter. The watt-hour meter 
shall have a resolution no larger than 1 Wh 
(3.6 kJ) and a maximum error no greater 
than 2 percent of the measured value for any 
demand greater than 50 Wh (180.0 kJ). 

2.5.3 Watt meter. The watt meter used to 
measure combined low-power mode power 
consumption shall comply with the require-
ments specified in Section 4, Paragraph 4.4 of 
IEC 62301. If the power measuring instrument 
used for testing is unable to measure and 
record the crest factor, power factor, or max-
imum current ratio during the test measure-
ment period, it is acceptable to measure and 
record the crest factor, power factor, and 
maximum current ratio immediately before 
and after the test measurement period. 

2.5.4 Temperature measuring device. The de-
vice shall have an error no greater than ±1 °F 
(±0.6 °C) over the range being measured. 

2.5.5 Water meter. The water meter shall 
have a resolution no larger than 0.1 gallons 
(0.4 liters) and a maximum error no greater 
than 2 percent for the water flow rates being 
measured. 

2.5.6 Water pressure gauge. The water pres-
sure gauge shall have a resolution of 1 pound 
per square inch gauge (psig) (6.9 kPa) and 
shall have an error no greater than 5 percent 
of any measured value. 

2.6 Test cloths. 
2.6.1 Energy Test Cloth. The energy test 

cloth shall be made from energy test cloth 
material, as specified in section 2.6.4 of this 
Appendix, that is 24 ±1⁄2 inches by 36 ±1⁄2 
inches (61.0 ±1.3 cm by 91.4 ±1.3 cm) and has 
been hemmed to 22 ±1⁄2 inches by 34 ±1⁄2 inches 
(55.9 ±1.3 cm by 86.4 ±1.3 cm) before washing. 
The energy test cloth shall be clean and 
shall not be used for more than 60 test runs 
(after preconditioning as specified in 2.6.3 of 
this appendix). All energy test cloth must be 
permanently marked identifying the lot 
number of the material. Mixed lots of mate-
rial shall not be used for testing a clothes 
washer. 

2.6.2 Energy Stuffer Cloth. The energy stuff-
er cloth shall be made from energy test cloth 
material, as specified in section 2.6.4 of this 
Appendix, and shall consist of pieces of ma-
terial that are 12 ±1⁄4 inches by 12 ±1⁄4 inches 
(30.5 ±0.6 cm by 30.5 ±0.6 cm) and have been 
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hemmed to 10 ±1⁄4 inches by 10 ±1⁄4 inches (25.4 
±0.6 cm by 25.4 ±0.6 cm) before washing. The 
energy stuffer cloth shall be clean and shall 
not be used for more than 60 test runs (after 
preconditioning as specified in section 2.6.3 
of this Appendix). All energy stuffer cloth 
must be permanently marked identifying the 
lot number of the material. Mixed lots of 
material shall not be used for testing a 
clothes washer. 

2.6.3 Preconditioning of Test Cloths. The new 
test cloths, including energy test cloths and 
energy stuffer cloths, shall be pre-condi-
tioned in a clothes washer in the following 
manner: 

2.6.3.1 Perform 5 complete normal wash- 
rinse-spin cycles, the first two with AHAM 
Standard detergent Formula 3 and the last 
three without detergent. Place the test cloth 
in a clothes washer set at the maximum 
water level. Wash the load for ten minutes 
with a minimum fill of 20 gallons of soft 
water (17 ppm hardness or less) using 27.0 
grams + 4.0 grams per pound of cloth load of 
AHAM Standard detergent Formula 3. The 
wash temperature is to be controlled to 135 
°F ±5 °F (57.2 °C ±2.8 °C) and the rinse tem-
perature is to be controlled to 60 °F ±5 °F 
(15.6 °C ±2.8 °C). Repeat the cycle with deter-
gent and then repeat the cycle three addi-
tional times without detergent, bone drying 
the load between cycles (total of five wash 
and rinse cycles). 

2.6.4 Energy test cloth material. The energy 
test cloths and energy stuffer cloths shall be 
made from fabric meeting the following spec-
ifications. The material should come from a 
roll of material with a width of approxi-
mately 63 inches and approximately 500 
yards per roll. However, other sizes may be 
used if they fall within the specifications. 

2.6.4.1 Nominal fabric type. Pure finished 
bleached cloth made with a momie or gran-
ite weave, which is nominally 50 percent cot-
ton and 50 percent polyester. 

2.6.4.2 The fabric weight specification shall 
be 5.60 ±0.25 ounces per square yard (190.0 ±8.4 
g/m2). 

2.6.4.3 The thread count shall be 65 × 57 per 
inch (warp × fill), ±2 percent. 

2.6.4.4 The warp yarn and filling yarn shall 
each have fiber content of 50 percent ±4 per-

cent cotton, with the balance being poly-
ester, and be open end spun, 15/1 ±5 percent 
cotton count blended yarn. 

2.6.4.5 Water repellent finishes, such as 
fluoropolymer stain resistant finishes shall 
not be applied to the test cloth. The absence 
of such finishes shall be verified by: 

2.6.4.5.1 AATCC Test Method 118–2007, (in-
corporated by reference; see § 430.3), for each 
new lot of test cloth (when purchased from 
the mill) to confirm the absence of 
Scotchguard TM or other water repellent fin-
ish (required scores of ‘‘D’’ across the board). 

2.6.4.5.2 AATCC Test Method 79–2010, (in-
corporated by reference; see § 430.3), for each 
new lot of test cloth (when purchased from 
the mill) to confirm the absence of 
ScotchguardTM or other water repellent fin-
ish (time to absorb one drop should be on the 
order of 1 second). 

2.6.4.6 The moisture absorption and reten-
tion shall be evaluated for each new lot of 
test cloth by the Standard Extractor Re-
maining Moisture Content (RMC) Test speci-
fied in section 2.6.5 of this Appendix. 

2.6.4.6.1 Repeat the Standard Extractor 
RMC Test in section 2.6.5 of this Appendix 
three times. 

2.6.4.6.2 An RMC correction curve shall be 
calculated as specified in section 2.6.6 of this 
Appendix. 

2.6.4.7 The maximum shrinkage after pre-
conditioning shall not be more than 5 per-
cent of the length and width. Measure per 
AATCC Test Method 135–2010, (incorporated 
by reference; see § 430.3). 

2.6.5 Standard Extractor RMC Test Procedure. 
The following procedure is used to evaluate 
the moisture absorption and retention char-
acteristics of a lot of test cloth by measuring 
the RMC in a standard extractor at a speci-
fied set of conditions. Table 2.6.5 of this Ap-
pendix is the matrix of test conditions. In 
the table, ‘‘g Force’’ represents units of 
gravitational acceleration. When this matrix 
is repeated 3 times, a total of 60 extractor 
RMC test runs are required. For the purpose 
of the extractor RMC test, the test cloths 
may be used for up to 60 test runs (after pre-
conditioning as specified in section 2.6.3 of 
this Appendix). 

TABLE 2.6.5—MATRIX OF EXTRACTOR RMC TEST CONDITIONS 

‘‘g Force’’ 
Warm soak Cold soak 

15 min. spin 4 min. spin 15 min. spin 4 min. spin 

100 
200 
350 
500 
650 

2.6.5.1 The standard extractor RMC tests 
shall be run in a North Star Engineered 

Products Inc. (formerly Bock) Model 215 ex-
tractor (having a basket diameter of 20 
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inches, height of 11.5 inches, and volume of 
2.09 ft3), with a variable speed drive (North 
Star Engineered Products, P.O. Box 5127, To-
ledo, OH 43611) or an equivalent extractor 
with same basket design (i.e. diameter, 
height, volume, and hole configuration) and 
variable speed drive. Table 2.6.5.1 shows the 
extractor spin speed, in revolutions per 
minute (RPM), that shall be used to attain 
each required g-force level. 

TABLE 2.6.5.1—EXTRACTOR SPIN SPEEDS FOR 
EACH TEST CONDITION 

‘‘g Force’’ RPM 

100 ..................................................................... 594 ±1 
200 ..................................................................... 840 ±1 
350 ..................................................................... 1111 ±1 
500 ..................................................................... 1328 ±1 
650 ..................................................................... 1514 ±1 

2.6.5.2 Test Load. Test loads shall be com-
prised of randomly selected cloth at the be-
ginning, middle and end of a lot. Test cloths 
shall be preconditioned in accordance with 
section 2.6.3 of this Appendix. The load size 
shall be 8.4 lbs. It is acceptable to use two 
test loads for standard extractor RMC tests, 
with each load used for half of the total 
number of required tests. 

2.6.5.3 Procedure. 
2.6.5.3.1 Using a dryer that complies with 

the temperature requirements specified in 
section 2.12 of this Appendix, dry the test 
cloth until it is ‘‘bone-dry’’ according to the 
definition in section 1.5 of this Appendix. 
Record the ‘‘bone-dry’’ weight of the test 
load (WI). 

2.6.5.3.2 Prepare the test load for soak by 
grouping four test cloths into loose bundles. 
Bundles are created by hanging four cloths 
vertically from one corner and loosely wrap-
ping the test cloth onto itself to form the 
bundle. Bundles should be wrapped loosely to 
ensure consistency of water extraction. Bun-
dles are then placed into the water to soak. 
Eight to nine bundles will be formed depend-
ing on the test load. The ninth bundle may 
not equal four cloths but can incorporate en-
ergy stuffer cloths to help offset the size dif-
ference. 

2.6.5.3.3 Soak the test load for 20 minutes 
in 10 gallons of soft (<17 ppm) water. The en-
tire test load shall be submerged. The water 
temperature shall be 100 °F ±5 °F (37.8 °C ±2.8 
°C) at all times between the start and end of 
the soak. 

2.6.5.3.4 Remove the test load and allow 
each of the test cloth bundles to drain over 
the water bath for a maximum of 5 seconds. 

2.6.5.3.5 Manually place the test cloth bun-
dles in the basket of the extractor, distrib-
uting them evenly by eye. The draining and 
loading process shall take no longer than 1 
minute. Spin the load at a fixed speed cor-
responding to the intended centripetal accel-
eration level (measured in units of the accel-
eration of gravity, g) ±1g for the intended 
time period ±5 seconds. The timer shall begin 
when the extractor meets the required spin 
speed for each test. 

2.6.5.3.6 Record the weight of the test load 
immediately after the completion of the ex-
tractor spin cycle (WC). 

2.6.5.3.7 Calculate the remaining moisture 
content of the test load as (WC–WI)/WI. 

2.6.5.3.8 It is not necessary to drain the 
soak tub if the water bath is corrected for 
water level and temperature before the next 
extraction. 

2.6.5.3.9 It is not necessary to dry the test 
load in between extraction runs. However, 
the bone dry weight shall be checked after 
every 12 extraction runs to make sure the 
bone dry weight is within tolerance (8.4 ±0.1 
lb). 

2.6.5.3.10 The test load must be soaked and 
extracted once following bone drying, before 
continuing with the remaining extraction 
runs. This extraction shall be performed at 
the same spin speed used for the extraction 
run prior to bone drying, for a time period of 
4 minutes. Either warm or cold soak tem-
perature may be used. 

2.6.5.3.11 The remaining moisture content 
of the test load shall be measured at five g 
levels: 100 g, 200 g, 350 g, 500 g, and 650 g, 
using two different spin times at each g 
level: 4 minutes and 15 minutes. 

2.6.5.4 Repeat section 2.6.5.3 of this Appen-
dix using soft (<17 ppm) water at 60 °F ±5 °F 
(15.6 °C ±2.8 °C). 

2.6.6 Calculation of RMC correction curve. 
2.6.6.1 Average the values of 3 test runs, 

and fill in Table 2.6.5 of this appendix. Per-
form a linear least-squares fit to determine 
coefficients A and B such that the standard 
RMC values shown in Table 2.6.6.1 of this ap-
pendix (RMCstandard) are linearly related to the 
RMC values measured in section 2.6.5 of this 
appendix (RMCcloth): 

RMCstandard ∼ A * RMCcloth + B 

where A and B are coefficients of the linear 
least-squares fit. 
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TABLE 2.6.6.1—STANDARD RMC VALUES (RMC STANDARD) 

‘‘g Force’’ 

RMC percentage 

Warm soak Cold soak 

15 min. spin 
(percent) 

4 min. spin 
(percent) 

15 min. spin 
(percent) 

4 min. spin 
(percent) 

100 ........................................................................................................ 45.9 49.9 49.7 52.8 
200 ........................................................................................................ 35.7 40.4 37.9 43.1 
350 ........................................................................................................ 29.6 33.1 30.7 35.8 
500 ........................................................................................................ 24.2 28.7 25.5 30.0 
650 ........................................................................................................ 23.0 26.4 24.1 28.0 

2.6.6.2 Perform an analysis of variance with 
replication test using two factors, spin speed 
and lot, to check the interaction of speed 
and lot. Use the values from Table 2.6.5 and 
Table 2.6.6.1 of this Appendix in the calcula-
tion. The ‘‘P’’ value of the F-statistic for 
interaction between spin speed and lot in the 
variance analysis shall be greater than or 
equal to 0.1. If the ‘‘P’’ value is less than 0.1, 
the test cloth is unacceptable. ‘‘P’’ is a theo-
retically based measure of interaction based 
on an analysis of variance. 

2.6.7 Application of the RMC correction curve. 
2.6.7.1 Using the coefficients A and B cal-

culated in section 2.6.6.1 of this Appendix: 
RMCcorr = A × RMC + B 

2.6.7.2 Apply this RMC correction curve to 
measured RMC values in sections 3.8.2.6, 
3.8.3.2, and 3.8.3.4 of this Appendix. 

2.7 Test Load Sizes. Maximum, minimum, 
and, when required, average test load sizes 
shall be determined using Table 5.1 of this 
Appendix and the clothes container capacity 
as measured in sections 3.1.1 through 3.1.5 of 
this Appendix. Test loads shall consist of en-
ergy test cloths, except that adjustments to 
the test loads to achieve proper weight can 
be made by the use of energy stuffer cloths 
with no more than 5 stuffer cloths per load. 

2.8 Use of Test Loads. Table 2.8 of this Ap-
pendix defines the test load sizes and cor-
responding water fill settings which are to be 
used when measuring water and energy con-
sumptions. Adaptive water fill control sys-
tem and manual water fill control system 
are defined in section 1 of this Appendix: 

TABLE 2.8—TEST LOAD SIZES AND WATER FILL SETTINGS REQUIRED 

Manual water fill control system Adaptive water fill control system 

Test load size Water fill setting Test load size Water fill setting 

Max .......................................... Max ........................................ Max ........................................ As determined by the Clothes 
Washer. 

Min ........................................... Min ......................................... Avg Min.

2.8.1 The test load sizes to be used to meas-
ure RMC are specified in section 3.8.1 of this 
Appendix. 

2.8.2 Test loads for energy and water con-
sumption measurements shall be bone dry 
prior to the first cycle of the test, and dried 
to a maximum of 104 percent of bone dry 
weight for subsequent testing. 

2.8.3 Load the energy test cloths by grasp-
ing them in the center, shaking them to 
hang loosely and then put them into the 
clothes container prior to activating the 
clothes washer. 

2.9 Pre-conditioning of Clothes Washer. 
2.9.1 Non-water-heating clothes washer. If the 

clothes washer has not been filled with water 
in the preceding 96 hours, pre-condition it by 
running it through a cold rinse cycle and 
then draining it to ensure that the hose, 
pump, and sump are filled with water. 

2.9.2 Water-heating clothes washer. If the 
clothes washer has not been filled with water 
in the preceding 96 hours, or if it has not 
been in the test room at the specified ambi-
ent conditions for 8 hours, pre-condition it 
by running it through a cold rinse cycle and 
then draining it to ensure that the hose, 
pump, and sump are filled with water. 

2.10 Wash time setting. If one wash time is 
prescribed in the energy test cycle, that 
shall be the wash time setting; otherwise, 
the wash time setting shall be the higher of 
either the minimum or 70 percent of the 
maximum wash time available in the energy 
test cycle, regardless of the labeling of sug-
gested dial locations. If the clothes washer is 
equipped with an electromechanical dial con-
trolling wash time, reset the dial to the min-
imum wash time and then turn it in the di-
rection of increasing wash time to reach the 
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appropriate setting. If the appropriate set-
ting is passed, return the dial to the min-
imum wash time and then turn in the direc-
tion of increasing wash time until the set-
ting is reached. 

2.11 Test room temperature. For all clothes 
washers, maintain the test room ambient air 
temperature at 75 ±5 °F (23.9 ±2.8 °C) for ac-
tive mode testing and combined low-power 
mode testing. Do not use the test room am-
bient air temperature conditions specified in 
Section 4, Paragraph 4.2 of IEC 62301 for com-
bined low-power mode testing. 

2.12 Bone dryer temperature. The dryer used 
for bone drying must heat the test cloth and 
energy stuffer cloths above 210 °F (99 °C). 

2.13 Energy consumption for the purpose of 
certifying the cycle selection(s) to be included in 
Part (B) of the energy test cycle definition. 
Where multiple alternate cycle selections 
offer a wash/rinse temperature selection for 
which a TUF has been developed, and that is 
not available on the cycle selection rec-
ommended by the manufacturer for washing 
cotton or linen clothes described in Part (A) 
of the energy test cycle definition, the alter-
nate cycle selection with the highest energy 
consumption for that TUF, as measured ac-
cording to this section, shall be included in 
the energy test cycle. 

2.13.1 For the TUF being considered under 
this section, establish the testing conditions 
set forth in section 2 of this test procedure. 
Select the applicable cycle selection and 
temperature selection. Use the manufacturer 
default settings for agitation/tumble oper-
ation, soil level, spin speed(s), wash times, 
rinse times, and all other wash parameters 
or optional features applicable to that cycle 
selection, including water heating time for 
water heating clothes washers. 

2.13.2 Use the clothes washer’s maximum 
test load size, determined from Table 5.1, for 
testing under this section. 

2.13.3 For clothes washers with a manual 
water fill control system, user-adjustable 
adaptive water fill control system, or adapt-
ive water fill control system with alternate 
manual water fill control system, use the 
water fill selector setting resulting in the 
maximum water level available for each 
cycle selection for testing under this section. 

2.13.4 Each wash cycle tested under this 
section shall include the entire active wash-
ing mode and exclude any delay start or 
cycle finished modes. 

2.13.5 Measure each cycle selection’s elec-
trical energy consumption (EB) and hot 
water consumption (HB). Calculate the total 
energy consumption for each cycle selection 
(ETB), as follows: 

ETB = EB + (HB × T × K) 

Where: 

EB is the electrical energy consumption, ex-
pressed in kilowatt-hours per cycle. 

HB is the hot water consumption, expressed 
in gallons per cycle. 

T = temperature rise = 75 °F (41.7 °C) 
K = Water specific heat in kilowatt-hours per 

gallon per degree F = 0.00240 kWh/gal- °F 
(0.00114 kWh/L- °C) 

3. TEST MEASUREMENTS 

3.1 Clothes container capacity. Measure the 
entire volume which a clothes load could oc-
cupy within the clothes container during ac-
tive mode washer operation according to the 
following procedures: 

3.1.1 Place the clothes washer in such a po-
sition that the uppermost edge of the clothes 
container opening is leveled horizontally, so 
that the container will hold the maximum 
amount of water. For front-loading clothes 
washers, the shipping bolts and door seal 
shall remain in place during the capacity 
measurement. 

3.1.2 Line the inside of the clothes con-
tainer with 2 mil (0.051 mm) plastic sheet. 
All clothes washer components which occupy 
space within the clothes container and which 
are recommended for use with the energy 
test cycle shall be in place and shall be lined 
with 2 mil (0.051 mm) plastic sheet to prevent 
water from entering any void space. 

3.1.3 Record the total weight of the ma-
chine before adding water. 

3.1.4 Fill the clothes container manually 
with either 60 °F ±5 °F (15.6 °C ±2.8 °C) or 100 
°F ±10 °F (37.8 °C ±5.5 °C) water, with the door 
open. For a top-loading, vertical-axis clothes 
washer, fill the clothes container to the up-
permost edge of the rotating portion, includ-
ing any balance ring. For a front-loading, 
horizontal-axis clothes washer, fill the 
clothes container to the uppermost edge that 
is in contact with the door seal. For all 
clothes washers, any volume which cannot 
be occupied by the clothing load during oper-
ation must be excluded from the measure-
ment. Measure and record the weight of 
water, W, in pounds. 

3.1.5 The clothes container capacity is cal-
culated as follows: 
C = W/d 
Where: 
C = Capacity in cubic feet (liters). 
W = Mass of water in pounds (kilograms). 
d = Density of water (62.0 lbs/ft3 for 100 °F 

(993 kg/m3 for 37.8 °C) or 62.3 lbs/ft3 for 60 
°F (998 kg/m3 for 15.6 °C)). 

3.2 Procedure for measuring water and energy 
consumption values on all automatic and semi- 
automatic washers. All energy consumption 
tests shall be performed under the energy 
test cycle(s), unless otherwise specified. 
Table 3.2 of this Appendix defines the sec-
tions below which govern tests of particular 
clothes washers, based on the number of 
wash/rinse temperature selections available 
on the model, and also, in some instances, 
method of water heating. The procedures 
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prescribed are applicable regardless of a 
clothes washer’s washing capacity, loading 
port location, primary axis of rotation of the 
clothes container, and type of control sys-
tem. 

3.2.1 Inlet water temperature and the wash/ 
rinse temperature settings. 

3.2.1.1 For automatic clothes washers, set 
the wash/rinse temperature selection control 
to obtain the wash water temperature selec-
tion desired (extra hot, hot, warm, or cold) 
and cold rinse, and open both the hot and 
cold water faucets. 

3.2.1.2 For semi-automatic washers: 
(1) For hot water temperature, open the 

hot water faucet completely and close the 
cold water faucet; 

(2) For warm inlet water temperature, 
open both hot and cold water faucets com-
pletely; 

(3) For cold water temperature, close the 
hot water faucet and open the cold water 
faucet completely. 

3.2.1.3 Determination of warm wash water 
temperature(s) to decide whether a clothes 
washer has uniformly distributed warm wash 
temperature selections. The wash water tem-
perature, Tw, of each warm water wash se-
lection shall be calculated or measured. 

(1) For non-water heating clothes washers, 
calculate Tw as follows: 
Tw( °F) = ((Hw × 135 °F)+ (Cw × 60 °F))/(Hw + 

Cw) 
or 

Tw( °C) = ((Hw × 57.2 °C)+ (Cw × 15.6 °C))/(Hw 
+ Cw) 

Where: 
Hw = Hot water consumption of a warm 

wash. 
Cw = Cold water consumption of a warm 

wash. 
(2) For water-heating clothes washers, 

measure and record the temperature of each 
warm wash selection after fill. 

3.2.2 Total water consumption during the 
energy test cycle shall be measured, includ-
ing hot and cold water consumption during 
wash, deep rinse, and spray rinse. 

3.2.3 Clothes washers with adaptive water fill/ 
manual water fill control systems. 

3.2.3.1 Clothes washers with adaptive water 
fill control system and alternate manual water 
fill control systems. If a clothes washer with 
an adaptive water fill control system allows 
consumer selection of manual controls as an 

alternative, then both manual and adaptive 
modes shall be tested and, for each mode, the 
energy consumption (HET, MET, and DE) and 
water consumption (QT), values shall be cal-
culated as set forth in section 4 of this Ap-
pendix. Then the average of the two values 
(one from each mode, adaptive and manual) 
for each variable shall be used in section 4 of 
this Appendix for the clothes washer. 

3.2.3.2 Clothes washers with adaptive water 
fill control system. 

3.2.3.2.1 Not user adjustable. The max-
imum, minimum, and average water levels 
as defined in the following sections shall be 
interpreted to mean that amount of water 
fill which is selected by the control system 
when the respective test loads are used, as 
defined in Table 2.8 of this Appendix. The 
load usage factors which shall be used when 
calculating energy consumption values are 
defined in Table 4.1.3 of this Appendix. 

3.2.3.2.2 User adjustable. Four tests shall be 
conducted on clothes washers with user ad-
justable adaptive water fill controls which 
affect the relative wash water levels. The 
first test shall be conducted with the max-
imum test load and with the adaptive water 
fill control system set in the setting that 
will give the most energy intensive result. 
The second test shall be conducted with the 
minimum test load and with the adaptive 
water fill control system set in the setting 
that will give the least energy intensive re-
sult. The third test shall be conducted with 
the average test load and with the adaptive 
water fill control system set in the setting 
that will give the most energy intensive re-
sult for the given test load. The fourth test 
shall be conducted with the average test load 
and with the adaptive water fill control sys-
tem set in the setting that will give the least 
energy intensive result for the given test 
load. The energy and water consumption for 
the average test load and water level shall be 
the average of the third and fourth tests. 

3.2.3.3 Clothes washers with manual water fill 
control system. In accordance with Table 2.8 
of this Appendix, the water fill selector shall 
be set to the maximum water level available 
on the clothes washer for the maximum test 
load size and set to the minimum water level 
for the minimum test load size. The load 
usage factors which shall be used when cal-
culating energy consumption values are de-
fined in Table 4.1.3 of this Appendix. 

TABLE 3.2—TEST SECTION REFERENCE 

Max. wash temp. available ≤135 °F (57.2 °C) >135 °F (57.2 °C)** 

Number of wash temp. selections 1 2 >2 3 >3 

Test sections required to be followed ............................................... ................ ................ ................ 3.3 3.3 
................ 3.4 3.4 ................ 3.4 
................ ................ 3.5 3.5 3.5 

3.6 3.6 3.6 3.6 3.6 
................ ................ * 3.7 * 3.7 * 3.7 
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TABLE 3.2—TEST SECTION REFERENCE—Continued 

Max. wash temp. available ≤135 °F (57.2 °C) >135 °F (57.2 °C)** 

Number of wash temp. selections 1 2 >2 3 >3 

3.8 3.8 3.8 3.8 3.8 

* Only applicable to machines with warm rinse. 
** Only applicable to water heating clothes washers on which the maximum wash temperature available exceeds 135 °F (57.2 

°C). 

3.3 ‘‘Extra Hot Wash’’ (Max Wash Temp >135 
°F (57.2 °C)) for water heating clothes washers 
only. Water and electrical energy consump-
tion shall be measured for each water fill 
level and/or test load size as specified in sec-
tions 3.3.1 through 3.3.3 of this Appendix for 
the hottest wash setting available. 

3.3.1 Maximum test load and water fill. Hot 
water consumption (HmX), cold water con-
sumption (CmX), and electrical energy con-
sumption (EmX) shall be measured for an 
extra hot wash/cold rinse energy test cycle, 
with the controls set for the maximum water 
fill level. The maximum test load size is to 
be used and shall be determined per Table 5.1 
of this Appendix. 

3.3.2 Minimum test load and water fill. Hot 
water consumption (Hmn), cold water con-
sumption (Cmn), and electrical energy con-
sumption (Emn) shall be measured for an 
extra hot wash/cold rinse energy test cycle, 
with the controls set for the minimum water 
fill level. The minimum test load size is to 
be used and shall be determined per Table 5.1 
of this Appendix. 

3.3.3 Average test load and water fill. For 
clothes washers with an adaptive water fill 
control system, measure the values for hot 
water consumption (Hma), cold water con-
sumption (Cma), and electrical energy con-
sumption (Ema) for an extra hot wash/cold 
rinse energy test cycle, with an average test 
load size as determined per Table 5.1 of this 
Appendix. 

3.4 ‘‘Hot Wash’’ (Max Wash Temp ≤135 °F 
(57.2 °C)). Water and electrical energy con-
sumption shall be measured for each water 
fill level and/or test load size as specified in 
sections 3.4.1 through 3.4.3 of this Appendix 
for a 135 °F (57.2 °C) wash, if available, or for 
the hottest selection less than 135 °F (57.2 
°C). 

3.4.1 Maximum test load and water fill. Hot 
water consumption (HhX), cold water con-
sumption (ChX), and electrical energy con-
sumption (EhX) shall be measured for a hot 
wash/cold rinse energy test cycle, with the 
controls set for the maximum water fill 
level. The maximum test load size is to be 
used and shall be determined per Table 5.1 of 
this Appendix. 

3.4.2 Minimum test load and water fill. Hot 
water consumption (Hhn), cold water con-
sumption (Chn), and electrical energy con-
sumption (Ehn) shall be measured for a hot 
wash/cold rinse energy test cycle, with the 

controls set for the minimum water fill 
level. The minimum test load size is to be 
used and shall be determined per Table 5.1 of 
this Appendix. 

3.4.3 Average test load and water fill. For 
clothes washers with an adaptive water fill 
control system, measure the values for hot 
water consumption (Hha), cold water con-
sumption (Cha), and electrical energy con-
sumption (Eha) for a hot wash/cold rinse en-
ergy test cycle, with an average test load 
size as determined per Table 5.1 of this Ap-
pendix. 

3.5 ‘‘Warm Wash.’’ Water and electrical en-
ergy consumption shall be determined for 
each water fill level and/or test load size as 
specified in sections 3.5.1 through 3.5.2.3 of 
this Appendix for the applicable warm water 
wash temperature(s) with a cold rinse. 

3.5.1 Clothes washers with uniformly distrib-
uted warm wash temperature selection(s). The 
reportable values to be used for the warm 
water wash setting shall be the arithmetic 
average of the measurements for the hot and 
cold wash selections. This is a calculation 
only; no testing is required. 

3.5.2 Clothes washers that lack uniformly dis-
tributed warm wash temperature selections. For 
a clothes washer with fewer than four dis-
crete warm wash selections, test all warm 
wash temperature selections. For a clothes 
washer that offers four or more warm wash 
selections, test at all discrete selections, or 
test at 25 percent, 50 percent, and 75 percent 
positions of the temperature selection device 
between the hottest hot (≤135 °F (57.2 °C)) 
wash and the coldest cold wash. If a selection 
is not available at the 25, 50 or 75 percent po-
sition, in place of each such unavailable se-
lection use the next warmer setting. Each re-
portable value to be used for the warm water 
wash setting shall be the arithmetic average 
of all tests conducted pursuant to this sec-
tion. 

3.5.2.1 Maximum test load and water fill. Hot 
water consumption (HwX), cold water con-
sumption (CwX), and electrical energy con-
sumption (EwX) shall be measured with the 
controls set for the maximum water fill 
level. The maximum test load size is to be 
used and shall be determined per Table 5.1 of 
this Appendix. 

3.5.2.2 Minimum test load and water fill. Hot 
water consumption (Hwn), cold water con-
sumption (Cwn), and electrical energy con-
sumption (Ewn) shall be measured with the 
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controls set for the minimum water fill 
level. The minimum test load size is to be 
used and shall be determined per Table 5.1 of 
this Appendix. 

3.5.2.3 Average test load and water fill. For 
clothes washers with an adaptive water fill 
control system, measure the values for hot 
water consumption (Hwa), cold water con-
sumption (Cwa), and electrical energy con-
sumption (Ewa) with an average test load 
size as determined per Table 5.1 of this Ap-
pendix. 

3.6 ‘‘Cold Wash’’ (Minimum Wash Tempera-
ture Selection). Water and electrical energy 
consumption shall be measured for each 
water fill level and/or test load size as speci-
fied in sections 3.6.1 through 3.6.3 of this Ap-
pendix for the coldest wash temperature se-
lection available. For a clothes washer that 
offers two or more wash temperature set-
tings labeled as cold, such as ‘‘Cold’’ and 
‘‘Tap Cold’’, the setting with the minimum 
wash temperature shall be considered the 
cold wash. If any of the other cold wash tem-
perature settings add hot water to raise the 
wash temperature above the cold water sup-
ply temperature, as defined in section 2.3 of 
this Appendix, those setting(s) shall be con-
sidered warm wash setting(s), as defined in 
section 1.34 of this Appendix. If none of the 
cold wash temperature settings add hot 
water for any of the water fill levels or test 
load sizes required for the energy test cycle, 
the wash temperature setting labeled as 
‘‘Cold’’ shall be considered the cold wash, 
and the other wash temperature setting(s) 
labeled as cold shall not be required for test-
ing. 

3.6.1 Maximum test load and water fill. Hot 
water consumption (HcX), cold water con-
sumption (CcX), and electrical energy con-
sumption (EcX) shall be measured for a cold 
wash/cold rinse energy test cycle, with the 
controls set for the maximum water fill 
level. The maximum test load size is to be 
used and shall be determined per Table 5.1 of 
this Appendix. 

3.6.2 Minimum test load and water fill. Hot 
water consumption (Hcn), cold water con-
sumption (Ccn), and electrical energy con-
sumption (Ecn) shall be measured for a cold 
wash/cold rinse energy test cycle, with the 
controls set for the minimum water fill 
level. The minimum test load size is to be 
used and shall be determined per Table 5.1 of 
this Appendix. 

3.6.3 Average test load and water fill. For 
clothes washers with an adaptive water fill 
control system, measure the values for hot 
water consumption (Hca), cold water con-
sumption (Cca), and electrical energy con-
sumption (Eca) for a cold wash/cold rinse en-
ergy test cycle, with an average test load 
size as determined per Table 5.1 of this Ap-
pendix. 

3.7 ‘‘Warm Wash/Warm Rinse.’’ Water and 
electrical energy consumption shall be deter-

mined for each water fill level and/or test 
load size as specified in sections 3.7.2.1 
through 3.7.2.3 of this Appendix for the appli-
cable warm wash temperature selection as 
described in section 3.7.1 or 3.7.2 of this Ap-
pendix and the hottest available rinse tem-
perature selection. 

3.7.1 Clothes washers with uniformly distrib-
uted warm wash temperature selection(s). Test 
the warm wash/warm rinse cycle at the wash 
temperature selection with the temperature 
selection device at the 50 percent position 
between the hottest hot (≤135 °F (57.2 °C)) 
wash and the coldest cold wash. 

3.7.2 Clothes washers that lack uniformly dis-
tributed warm wash temperature selections. For 
a clothes washer with fewer than four dis-
crete warm wash selections, test all warm 
wash temperature selections for which a 
warm rinse is available. For a clothes washer 
that offers four or more warm wash selec-
tions, test at all discrete selections for which 
a warm rinse is available, or test at 25 per-
cent, 50 percent, and 75 percent positions of 
the temperature selection device between 
the hottest hot (≤135 °F (57.2 °C)) wash and 
the coldest cold wash. If a selection is not 
available at the 25, 50, or 75 percent position, 
in place of each such unavailable selection 
use the next warmer setting. Each reportable 
value to be used for the warm wash/warm 
rinse setting shall be the arithmetic average 
of all tests conducted pursuant to this sec-
tion. 

3.7.2.1 Maximum test load and water fill. Hot 
water consumption (HwwX), cold water con-
sumption (CwwX), and electrical energy con-
sumption (EwwX) shall be measured with the 
controls set for the maximum water fill 
level. The maximum test load size is to be 
used and shall be determined per Table 5.1 of 
this Appendix. 

3.7.2.2 Minimum test load and water fill. Hot 
water consumption (Hwwn), cold water con-
sumption (Cwwn), and electrical energy con-
sumption (Ewwn) shall be measured with the 
controls set for the minimum water fill 
level. The minimum test load size is to be 
used and shall be determined per Table 5.1 of 
this Appendix. 

3.7.2.3 Average test load and water fill. For 
clothes washers with an adaptive water fill 
control system, measure the values for hot 
water consumption (Hwwa), cold water con-
sumption (Cwwa), and electrical energy con-
sumption (Ewwa) with an average test load 
size as determined per Table 5.1 of this Ap-
pendix. 

3.8 Remaining Moisture Content: 
3.8.1 The wash temperature will be the 

same as the rinse temperature for all test-
ing. Use the maximum test load as defined in 
Table 5.1 of this Appendix for testing. 

3.8.2 For clothes washers with cold rinse only: 
3.8.2.1 Record the actual ‘‘bone dry’’ weight 

of the test load (WIX), then place the test 
load in the clothes washer. 
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3.8.2.2 Set water level selector to maximum 
fill. 

3.8.2.3 Run the energy test cycle. 
3.8.2.4 Record the weight of the test load 

immediately after completion of the energy 
test cycle (WCX). 

3.8.2.5 Calculate the remaining moisture 
content of the maximum test load, RMCX, 
defined as: 

RMCX = (WCX ¥ WIX)/WIX 

3.8.2.6 Apply the RMC correction curve de-
scribed in section 2.6.7 of this Appendix to 
calculate the corrected remaining moisture 
content, RMCcorr, expressed as a percentage, 
which shall be the final RMC used in section 
4.3 of this Appendix: 

RMCcorr = (A × RMCX + B) × 100% 

Where: 

A and B are the coefficients of the RMC cor-
rection curve as defined in section 2.6.6.1 
of this Appendix. 

RMCX = As defined in section 3.8.2.5 of this 
Appendix. 

3.8.3 For clothes washers with cold and warm 
rinse options: 

3.8.3.1 Complete sections 3.8.2.1 through 
3.8.2.4 of this Appendix for cold rinse. 

Calculate the remaining moisture content 
of the maximum test load for cold rinse, 
RMCCOLD, defined as: 

RMCCOLD = (WCX ¥ WIX)/WIX 

3.8.3.2 Apply the RMC correction curve de-
scribed in section 2.6.7 of this Appendix to 
calculate the corrected remaining moisture 
content for cold rinse, RMCCOLD,corr, expressed 
as a percentage, as follows: 

RMCCOLD,corr = (A × RMCCOLD + B) × 100% 

Where: 

A and B are the coefficients of the RMC cor-
rection curve as defined in section 2.6.6.1 
of this Appendix. 

RMCCOLD = As defined in section 3.8.3.1 of 
this Appendix. 

3.8.3.3 Complete sections 3.8.2.1 through 
3.8.2.4 of this Appendix for warm rinse. Cal-
culate the remaining moisture content of the 
maximum test load for warm rinse, 
RMCWARM, defined as: 

RMCWARM = (WCX ¥ WIX)/WIX 

3.8.3.4 Apply the RMC correction curve de-
scribed in section 2.6.7 of this Appendix to 
calculate the corrected remaining moisture 
content for warm rinse, RMCWARM,corr, ex-
pressed as a percentage, as follows: 

RMCWARM,corr = (A × RMCWARM + B) × 100% 

Where: 

A and B are the coefficients of the RMC cor-
rection curve as defined in section 2.6.6.1 
of this Appendix. 

RMCWARM = As defined in section 3.8.3.3 of 
this Appendix. 

3.8.3.5 Calculate the corrected remaining 
moisture content of the maximum test load, 
RMCcorr, expressed as a percentage, which 
shall be the final RMC used in section 4.3 of 
this Appendix: 
RMCcorr = RMCCOLD,corr × (1 ¥ TUFww) + 

RMCWARM,corr × (TUFww) 
Where: 
RMCCOLD,corr = As defined in section 3.8.3.2 of 

this Appendix. 
RMCWARM,corr = As defined in section 3.8.3.4 of 

this Appendix. 
TUFww is the temperature use factor for 

warm rinse as defined in Table 4.1.1 of 
this Appendix. 

3.8.4 Clothes washers that have options 
such as multiple selections of spin speeds or 
spin times that result in different RMC val-
ues and that are available in the energy test 
cycle, shall be tested at the maximum and 
minimum extremes of the available options, 
excluding any ‘‘no spin’’ (zero spin speed) 
settings, in accordance with requirements in 
section 3.8.2 or 3.8.3 of this Appendix, as ap-
plicable. The calculated RMCcorr,max extraction and 
RMCcorr,min extraction at the maximum and min-
imum settings, respectively, shall be com-
bined as follows and the final corrected RMC 
to be used in section 4.3 of this Appendix 
shall be: 
RMCcorr = 0.75 × RMCcorr,max extraction + 0.25 × 

RMCcorr,min extraction 

Where: 
RMCcorr,max extraction is the corrected remaining 

moisture content using the maximum 
spin setting, calculated according to sec-
tion 3.8.2 or 3.8.3 of this Appendix, as ap-
plicable. 

RMCcorr,min extraction is the corrected remaining 
moisture content using the minimum 
spin setting, calculated according to sec-
tion 3.8.2 or 3.8.3 of this Appendix, as ap-
plicable. 

3.9 Combined low-power mode power. Connect 
the clothes washer to a watt meter as speci-
fied in section 2.5.3 of this Appendix. Estab-
lish the testing conditions set forth in sec-
tions 2.1, 2.2 and 2.11 of this Appendix. For 
clothes washers that take some time to 
enter a stable state from a higher power 
state as discussed in Section 5, Paragraph 
5.1, note 1 of IEC 62301 (incorporated by ref-
erence; see § 430.3), allow sufficient time for 
the clothes washer to reach the lower power 
state before proceeding with the test meas-
urement. Follow the test procedure for the 
sampling method specified in Section 5, 
Paragraph 5.3.2 of IEC 62301 for testing in 
each possible mode as described in sections 
3.9.1 and 3.9.2 of this Appendix. 

3.9.1 If a clothes washer has an inactive 
mode as defined in section 1.15 of this Appen-
dix, measure and record the average inactive 
mode power of the clothes washer, Pia, in 
watts. 
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3.9.2 If a clothes washer has an off mode as 
defined in section 1.24 of this Appendix, 
measure and record its average off mode 
power, Po, in watts. 

4. CALCULATION OF DERIVED RESULTS FROM 
TEST MEASUREMENTS 

4.1 Hot water and machine electrical energy 
consumption of clothes washers. 

4.1.1 Per-cycle temperature-weighted hot 
water consumption for maximum, average, and 
minimum water fill levels using each appro-
priate load size as defined in section 2.8 and 
Table 5.1 of this Appendix. Calculate for the 
cycle under test the per-cycle temperature- 
weighted hot water consumption for the 
maximum water fill level, VhX, the average 
water fill level, Vha, and the minimum water 
fill level, Vhn, expressed in gallons per cycle 
(or liters per cycle) and defined as: 
(a) VhX = [HmX × TUFm] + [HhX × TUFh] + 

[HwX × TUFw] + [HwwX × TUFww] + [HcX 
× TUFc] 

(b) Vha = [Hma × TUFm] + [Hha × TUFh] + [Hwa 
× TUFw] + [Hwwa × TUFww] + [Hca × TUFc] 

(c) Vhn = [Hmn × TUFm] + [Hhn × TUFh] + [Hwn 
× TUFw] + [Hwwn × TUFww] + [Hcn × TUFc] 

Where: 
HmX, Hma, and Hmn, are reported hot water 

consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the extra hot wash cycle with 
the appropriate test loads as defined in 
section 2.8 of this Appendix. 

HhX, Hha, and Hhn, are reported hot water 
consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the hot wash cycle with the 
appropriate test loads as defined in sec-
tion 2.8 of this Appendix. 

HwX, Hwa, and Hwn, are reported hot water 
consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the warm wash cycle with the 
appropriate test loads as defined in sec-
tion 2.8 of this Appendix. 

HwwX, Hwwa, and Hwwn, are reported hot 
water consumption values, in gallons 
per-cycle (or liters per cycle), at max-
imum, average, and minimum water fill, 
respectively, for the warm wash/warm 
rinse cycle with the appropriate test 
loads as defined in section 2.8 of this Ap-
pendix. 

HcX, Hca, and Hcn, are reported hot water 
consumption values, in gallons per-cycle 
(or liters per cycle), at maximum, aver-
age, and minimum water fill, respec-
tively, for the cold wash cycle with the 
appropriate test loads as defined in sec-
tion 2.8 of this Appendix. 

TUFm, TUFh, TUFw, TUFww, and TUFc are 
temperature use factors for extra hot 
wash, hot wash, warm wash, warm wash/ 
warm rinse, and cold wash temperature 
selections, respectively, and are as de-
fined in Table 4.1.1 of this Appendix. 

TABLE 4.1.1—TEMPERATURE USE FACTORS 

Max wash temp available ≤135 °F (57.2 °C) >135 °F (57.2 °C) 

No. wash temp selections Single 2 Temps >2 Temps 3 Temps >3 Temps 

TUFm (extra hot) ........................................................... .................... .................... .................... 0.14 0.05 
TUFh (hot) ..................................................................... .................... 0.63 0.14 .................... 0.09 
TUFww (warm/warm) ..................................................... .................... .................... * 0.27 * 0.27 * 0.27 
TUFw (warm) ................................................................. .................... .................... ** 0.22/0.49 ** 0.22/0.49 ** 0.22/0.49 
TUFc (cold) .................................................................... 1.00 0.37 0.37 0.37 0.37 

* Only applicable to machines offering a warm/warm cycle. For machines with no warm/warm cycle, TUFww (warm/warm) 
should be zero. 

** For machines offering a warm/warm cycle, TUFw (warm) should be 0.22. For machines with no warm/warm cycle, TUFw 
(warm) should be 0.49. 

4.1.2 Total per-cycle hot water energy con-
sumption for all maximum, average, and min-
imum water fill levels tested. Calculate the 
total per-cycle hot water energy consump-
tion for the maximum water fill level, HEmax, 
the minimum water fill level, HEmin, and the 
average water fill level, HEavg, expressed in 
kilowatt-hours per cycle and defined as: 

(a) HEmax = [VhX × T × K]=Total energy when 
a maximum load is tested. 

(b) HEavg = [Vha × T× K]=Total energy when 
an average load is tested. 

(c) HEmin = [Vhn × T × K]=Total energy when 
a minimum load is tested. 

Where: 

VhX, Vha, and Vhn are as defined in section 
4.1.1 of this Appendix. 

T = Temperature rise = 75 °F (41.7 °C). 
K = Water specific heat in kilowatt-hours per 

gallon per degree F = 0.00240 kWh/gal- °F 
(0.00114 kWh/L- °C). 

4.1.3 Total weighted per-cycle hot water en-
ergy consumption. Calculate the total weight-
ed per-cycle hot water energy consumption, 
HET, expressed in kilowatt-hours per cycle 
and defined as: 

HET = [HEmax × Fmax] + [HEavg × Favg] + HEmin 
× Fmin] 
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Where: 

HEmax, HEavg, and HEmin are as defined in sec-
tion 4.1.2 of this Appendix. 

Fmax, Favg, and Fmin are the load usage factors 
for the maximum, average, and minimum 
test loads based on the size and type of 
the control system on the washer being 
tested. The values are as shown in Table 
4.1.3 of this Appendix. 

TABLE 4.1.3—LOAD USAGE FACTORS 

Water fill control system Manual Adaptive 

Fmax = ........................................ 1 0.72 2 0.12 
Favg = ......................................... .................... 2 0.74 
Fmin = ......................................... 1 0.28 2 0.14 

1 Reference 3.2.3.3. 
2 Reference 3.2.3.2. 

4.1.4 Total per-cycle hot water energy con-
sumption using gas-heated or oil-heated water. 
Calculate for the energy test cycle the per- 
cycle hot water consumption, HETG, using 
gas-heated or oil-heated water, expressed in 
Btu per cycle (or megajoules per cycle) and 
defined as: 

HETG = HET × 1/e × 3412 Btu/kWh or HETG = 
HET × 1/e × 3.6 MJ/kWh 

Where: 

e = Nominal gas or oil water heater effi-
ciency = 0.75. 

HET = As defined in section 4.1.3 of this Ap-
pendix. 

4.1.5 Per-cycle machine electrical energy con-
sumption for all maximum, average, and min-
imum test load sizes. Calculate the total per- 
cycle machine electrical energy consumption 
for the maximum water fill level, MEmax, the 
average water fill level, MEavg, and the min-
imum water fill level, MEmin, expressed in 
kilowatt-hours per cycle and defined as: 

(a) MEmax = [EmX× TUFm] + [EhX × TUFh] + 
[EwX× TUFw] + [EwwX× TUFww] + [EcX× 
TUFc] 

(b) MEavg = [Ema × TUFm] + [Eha× TUFh] + 
[Ewa× TUFw] + [Ewwa× TUFww] + [Eca× 
TUFc] 

(c) MEmin = [Emn× TUFm] + [Ehn× TUFh] + 
[Ewn× TUFw] + [Ewwn× TUFww] + [Ecn× 
TUFc] 

Where: 

EmX, Ema, and Emn, are reported electrical 
energy consumption values, in kilowatt- 
hours per cycle, at maximum, average, 
and minimum test loads, respectively, 
for the extra hot wash cycle. 

EhX, Eha, and Ehn, are reported electrical en-
ergy consumption values, in kilowatt- 
hours per cycle, at maximum, average, 
and minimum test loads, respectively, 
for the hot wash cycle. 

EwX, Ewa, and Ewn, are reported electrical 
energy consumption values, in kilowatt- 
hours per cycle, at maximum, average, 

and minimum test loads, respectively, 
for the warm wash cycle. 

EwwX, Ewwa, and Ewwn, are reported elec-
trical energy consumption values, in kil-
owatt-hours per cycle, at maximum, av-
erage, and minimum test loads, respec-
tively, for the warm wash/warm rinse 
cycle. 

EcX, Eca, and Ecn, are reported electrical en-
ergy consumption values, in kilowatt- 
hours per cycle, at maximum, average, 
and minimum test loads, respectively, 
for the cold wash cycle. 

TUFm, TUFh, TUFw, TUFww, and TUFc are as 
defined in Table 4.1.1 of this Appendix. 

4.1.6 Total weighted per-cycle machine elec-
trical energy consumption. Calculate the total 
weighted per-cycle machine electrical energy 
consumption, MET, expressed in kilowatt- 
hours per cycle and defined as: 
MET = [MEmax × Fmax] + [MEavg× Favg] + [MEmin× 

Fmin] 
Where: 
MEmax, MEavg, and MEmin are as defined in sec-

tion 4.1.5 of this Appendix. 
Fmax, Favg, and Fmin are as defined in Table 

4.1.3 of this Appendix. 
4.1.7 Total per-cycle energy consumption 

when electrically heated water is used. Cal-
culate for the energy test cycle the total per- 
cycle energy consumption, ETE, using elec-
trically heated water, expressed in kilowatt- 
hours per cycle and defined as: 
ETE = HET + MET 

Where: 
MET = As defined in section 4.1.6 of this Ap-

pendix. 
HET = As defined in section 4.1.3 of this Ap-

pendix. 
4.2 Water consumption of clothes washers. 
4.2.1 Per-cycle water consumption for extra 

hot wash. Calculate the maximum, average, 
and minimum total water consumption, ex-
pressed in gallons per cycle (or liters per 
cycle), for the extra hot wash cycle and de-
fined as: 
Qmmax = [HmX + CmX] 
Qmavg = [Hma + Cma] 
Qmmin = [Hmn + Cmn] 
Where: 
HmX, CmX, Hma, Cma, Hmn, and Cmn are de-

fined in section 3.3 of this Appendix. 
4.2.2 Per-cycle water consumption for hot 

wash. Calculate the maximum, average, and 
minimum total water consumption, ex-
pressed in gallons per cycle (or liters per 
cycle), for the hot wash cycle and defined as: 
Qhmax = [HhX + ChX] 
Qhavg = [Hha + Cha] 
Qhmin = [Hhn + Chn] 
Where: 
HhX, ChX, Hha, Cha, Hhn, and Chn are defined 

in section 3.4 of this Appendix. 
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4.2.3 Per-cycle water consumption for warm 
wash with cold rinse. Calculate the maximum, 
average, and minimum total water consump-
tion, expressed in gallons per cycle (or liters 
per cycle), for the warm wash/cold rinse 
cycle and defined as: 

Qwmax = [HwX + CwX] 
Qwavg = [Hwa + Cwa] 
Qwmin = [Hwn + Cwn] 

Where: 

HwX, CwX, Hwa, Cwa, Hwn, and Cwn are defined 
in section 3.5 of this Appendix. 

4.2.4 Per-cycle water consumption for warm 
wash with warm rinse. Calculate the max-
imum, average, and minimum total water 
consumption, expressed in gallons per cycle 
(or liters per cycle), for the warm wash/warm 
rinse cycle and defined as: 

Qwwmax = [HwwX + CwwX] 
Qwwavg = [Hwwa + Cwwa] 
Qwwmin = [Hwwn + Cwwn] 

Where: 

HwwX, CwwX, Hwwa, Cwwa, Hwwn, and Cwwn 
are defined in section 3.7 of this Appen-
dix. 

4.2.5 Per-cycle water consumption for cold 
wash. Calculate the maximum, average, and 
minimum total water consumption, ex-
pressed in gallons per cycle (or liters per 
cycle), for the cold wash cycle and defined 
as: 

Qcmax = [HcX + CcX] 
Qcavg = [Hca + Cca] 
Qcmin = [Hcn + Ccn] 

Where: 

HcX, CcX, Hca, Cca, Hcn, and Ccn are defined in 
section 3.6 of this Appendix. 

4.2.6 Total weighted per-cycle water consump-
tion for extra hot wash. Calculate the total 
weighted per-cycle water consumption for 
the extra hot wash cycle, QmT, expressed in 
gallons per cycle (or liters per cycle) and de-
fined as: 

QmT =[Qmmax × Fmax] + [Qmavg × Favg] + [Qmmin 
× Fmin] 

Where: 

Qmmax, Qmavg, Qmmin are defined in section 
4.2.1 of this Appendix. 

Fmax, Favg, Fmin are defined in Table 4.1.3 of 
this Appendix. 

4.2.7 Total weighted per-cycle water consump-
tion for hot wash. Calculate the total weight-
ed per-cycle water consumption for the hot 
wash cycle, QhT, expressed in gallons per 
cycle (or liters per cycle) and defined as: 

QhT = [Qhmax × Fmax] + [Qhavg × Favg] + [Qhmin × 
Fmin] 

Where: 

Qhmax, Qhavg, Qhmin are defined in section 4.2.2 
of this Appendix. 

Fmax, Favg, Fmin are defined in Table 4.1.3 of 
this Appendix. 

4.2.8 Total weighted per-cycle water consump-
tion for warm wash with cold rinse. Calculate 
the total weighted per-cycle water consump-
tion for the warm wash/cold rinse cycle, QwT, 
expressed in gallons per cycle (or liters per 
cycle) and defined as: 
QwT = [Qwmax × Fmax] + [Qwavg × Favg] + [Qwmin 

× Fmin] 
Where: 
Qwmax, Qwavg, Qwmin are defined in section 4.2.3 

of this Appendix. 
Fmax, Favg, Fmin are defined in Table 4.1.3 of 

this Appendix. 
4.2.9 Total weighted per-cycle water consump-

tion for warm wash with warm rinse. Calculate 
the total weighted per-cycle water consump-
tion for the warm wash/warm rinse cycle, 
QwwT, expressed in gallons per cycle (or li-
ters per cycle) and defined as: 
QwwT = [Qwwmax × Fmax] + [Qwwavg × Favg] + 

[Qwwmin × Fmin] 
Where: 
Qwwmax, Qwwavg, Qwwmin are defined in section 

4.2.4 of this Appendix. 
Fmax, Favg, Fmin are defined in Table 4.1.3 of 

this Appendix. 
4.2.10 Total weighted per-cycle water con-

sumption for cold wash. Calculate the total 
weighted per-cycle water consumption for 
the cold wash cycle, QcT, expressed in gallons 
per cycle (or liters per cycle) and defined as: 
QcT = [Qcmax × Fmax] + [Qcavg × Favg] + [Qcmin × 

Fmin] 
Where: 
Qcmax, Qcavg, Qcmin are defined in section 4.2.5 

of this Appendix. 
Fmax, Favg, Fmin are defined in Table 4.1.3 of 

this Appendix. 
4.2.11 Total weighted per-cycle water con-

sumption for all wash cycles. Calculate the 
total weighted per-cycle water consumption 
for all wash cycles, QT, expressed in gallons 
per cycle (or liters per cycle) and defined as: 
QT = [QmT × TUFm] + [QhT × TUFh] + [QwT × 

TUFw] + [QwwT × TUFww] + [QcT × TUFc] 
Where: 
QmT, QhT, QwT, QwwT, and QcT are defined in 

sections 4.2.6 through 4.2.10 of this Ap-
pendix. 

TUFm, TUFh, TUFw, TUFww, and TUFc are de-
fined in Table 4.1.1 of this Appendix. 

4.2.12 Water factor. Calculate the water fac-
tor, WF, expressed in gallons per cycle per 
cubic foot (or liters per cycle per liter), as: 
WF = QcT/C 
Where: 
QcT = As defined in section 4.2.10 of this Ap-

pendix. 
C = As defined in section 3.1.5 of this Appen-

dix. 
4.2.13 Integrated water factor. Calculate the 

integrated water factor, IWF, expressed in 
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gallons per cycle per cubic foot (or liter per 
cycle per liter), as: 
IWF = QT/C 
Where: 
QT = As defined in section 4.2.11 of this Ap-

pendix. 
C = As defined in section 3.1.5 of this Appen-

dix. 
4.3 Per-cycle energy consumption for removal 

of moisture from test load. Calculate the per- 
cycle energy required to remove the remain-
ing moisture of the test load, DE, expressed 
in kilowatt-hours per cycle and defined as: 
DE = [(Fmax × Maximum test load weight) + 

(Favg × Average test load weight) + (Fmin × 
Minimum test load weight)]× 
(RMCcorr¥4%) × (DEF) × (DUF) 

Where: 
Fmax, Favg, and Fmin are as defined in Table 

4.1.3 of this Appendix. 
Maximum, average, and minimum test load 

weights are as defined in Table 5.1 of this 
Appendix. 

RMCcorr = As defined in section 3.8.2.6, 3.8.3.5, 
or 3.8.4 of this Appendix. 

DEF = Nominal energy required for a clothes 
dryer to remove moisture from clothes = 
0.5 kWh/lb (1.1 kWh/kg). 

DUF = Dryer usage factor, percentage of 
washer loads dried in a clothes dryer = 
0.91. 

4.4 Per-cycle combined low-power mode energy 
consumption. Calculate the per-cycle com-
bined low-power mode energy consumption, 
ETLP, expressed in kilowatt-hours per cycle 
and defined as: 
ETLP = [(Pia × Sia) + (Po × So)] × Kp/295. 
Where: 
Pia = Washer inactive mode power, in watts, 

as defined in section 3.9.1 of this Appen-
dix for clothes washers capable of oper-
ating in inactive mode; otherwise, Pia = 0. 

Po = Washer off mode power, in watts, as de-
fined in section 3.9.2 of this Appendix for 
clothes washers capable of operating in 
off mode; otherwise, Po = 0. 

Sia = Annual hours in inactive mode as de-
fined as Soi if no off mode is possible, [Soi/ 
2] if both inactive mode and off mode are 
possible, and 0 if no inactive mode is pos-
sible. 

So = Annual hours in off mode as defined as 
Soi if no inactive mode is possible, [Soi/2] 
if both inactive mode and off mode are 
possible, and 0 if no off mode is possible. 

Soi = Combined annual hours for off and inac-
tive mode = 8,465. 

Kp = Conversion factor of watt-hours to kilo-
watt-hours = 0.001. 

295 = Representative average number of 
clothes washer cycles in a year. 

4.5 Modified energy factor. Calculate the 
modified energy factor, MEF, expressed in 
cubic feet per kilowatt-hour per cycle (or li-
ters per kilowatt-hour per cycle) and defined 
as: 

MEF = C/(ETE + DE) 

Where: 

C = As defined in section 3.1.5 of this Appen-
dix. 

ETE = As defined in section 4.1.7 of this Ap-
pendix. 

DE = As defined in section 4.3 of this Appen-
dix. 

4.6 Integrated modified energy factor. Cal-
culate the integrated modified energy factor, 
IMEF, expressed in cubic feet per kilowatt- 
hour per cycle (or liters per kilowatt-hour 
per cycle) and defined as: 

IMEF = C/(ETE + DE + ETLP) 

Where: 

C = As defined in section 3.1.5 of this Appen-
dix. 

ETE = As defined in section 4.1.7 of this Ap-
pendix. 

DE = As defined in section 4.3 of this Appen-
dix. 

ETLP = As defined in section 4.4 of this Appen-
dix. 

5. TEST LOADS 

TABLE 5.1—TEST LOAD SIZES 

Container volume Minimum load Maximum load Average load 

cu. ft. 
≥< 

liter 
≥< lb kg lb kg lb kg 

0–0.80 ................. 0–22.7 ................. 3.00 1.36 3.00 1.36 3.00 1.36 
0.80–0.90 ............ 22.7–25.5 ............ 3.00 1.36 3.50 1.59 3.25 1.47 
0.90–1.00 ............ 25.5–28.3 ............ 3.00 1.36 3.90 1.77 3.45 1.56 
1.00–1.10 ............ 28.3–31.1 ............ 3.00 1.36 4.30 1.95 3.65 1.66 
1.10–1.20 ............ 31.1–34.0 ............ 3.00 1.36 4.70 2.13 3.85 1.75 
1.20–1.30 ............ 34.0–36.8 ............ 3.00 1.36 5.10 2.31 4.05 1.84 
1.30–1.40 ............ 36.8–39.6 ............ 3.00 1.36 5.50 2.49 4.25 1.93 
1.40–1.50 ............ 39.6–42.5 ............ 3.00 1.36 5.90 2.68 4.45 2.02 
1.50–1.60 ............ 42.5–45.3 ............ 3.00 1.36 6.40 2.90 4.70 2.13 
1.60–1.70 ............ 45.3–48.1 ............ 3.00 1.36 6.80 3.08 4.90 2.22 
1.70–1.80 ............ 48.1–51.0 ............ 3.00 1.36 7.20 3.27 5.10 2.31 
1.80–1.90 ............ 51.0–53.8 ............ 3.00 1.36 7.60 3.45 5.30 2.40 
1.90–2.00 ............ 53.8–56.6 ............ 3.00 1.36 8.00 3.63 5.50 2.49 
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TABLE 5.1—TEST LOAD SIZES—Continued 

Container volume Minimum load Maximum load Average load 

cu. ft. 
≥< 

liter 
≥< lb kg lb kg lb kg 

2.00–2.10 ............ 56.6–59.5 ............ 3.00 1.36 8.40 3.81 5.70 2.59 
2.10–2.20 ............ 59.5–62.3 ............ 3.00 1.36 8.80 3.99 5.90 2.68 
2.20–2.30 ............ 62.3–65.1 ............ 3.00 1.36 9.20 4.17 6.10 2.77 
2.30–2.40 ............ 65.1–68.0 ............ 3.00 1.36 9.60 4.35 6.30 2.86 
2.40–2.50 ............ 68.0–70.8 ............ 3.00 1.36 10.00 4.54 6.50 2.95 
2.50–2.60 ............ 70.8–73.6 ............ 3.00 1.36 10.50 4.76 6.75 3.06 
2.60–2.70 ............ 73.6–76.5 ............ 3.00 1.36 10.90 4.94 6.95 3.15 
2.70–2.80 ............ 76.5–79.3 ............ 3.00 1.36 11.30 5.13 7.15 3.24 
2.80–2.90 ............ 79.3–82.1 ............ 3.00 1.36 11.70 5.31 7.35 3.33 
2.90–3.00 ............ 82.1–85.0 ............ 3.00 1.36 12.10 5.49 7.55 3.42 
3.00–3.10 ............ 85.0–87.8 ............ 3.00 1.36 12.50 5.67 7.75 3.52 
3.10–3.20 ............ 87.8–90.6 ............ 3.00 1.36 12.90 5.85 7.95 3.61 
3.20–3.30 ............ 90.6–93.4 ............ 3.00 1.36 13.30 6.03 8.15 3.70 
3.30–3.40 ............ 93.4–96.3 ............ 3.00 1.36 13.70 6.21 8.35 3.79 
3.40–3.50 ............ 96.3–99.1 ............ 3.00 1.36 14.10 6.40 8.55 3.88 
3.50–3.60 ............ 99.1–101.9 .......... 3.00 1.36 14.60 6.62 8.80 3.99 
3.60–3.70 ............ 101.9–104.8 ........ 3.00 1.36 15.00 6.80 9.00 4.08 
3.70–3.80 ............ 104.8–107.6 ........ 3.00 1.36 15.40 6.99 9.20 4.17 
3.80–3.90 ............ 107.6–110.4 ........ 3.00 1.36 15.80 7.16 9.40 4.26 
3.90–4.00 ............ 110.4–113.3 ........ 3.00 1.36 16.20 7.34 9.60 4.35 
4.00–4.10 ............ 113.3–116.1 ........ 3.00 1.36 16.60 7.53 9.80 4.45 
4.10–4.20 ............ 116.1–118.9 ........ 3.00 1.36 17.00 7.72 10.00 4.54 
4.20–4.30 ............ 118.9–121.8 ........ 3.00 1.36 17.40 7.90 10.20 4.63 
4.30–4.40 ............ 121.8–124.6 ........ 3.00 1.36 17.80 8.09 10.40 4.72 
4.40–4.50 ............ 124.6–127.4 ........ 3.00 1.36 18.20 8.27 10.60 4.82 
4.50–4.60 ............ 127.4–130.3 ........ 3.00 1.36 18.70 8.46 10.85 4.91 
4.60–4.70 ............ 130.3–133.1 ........ 3.00 1.36 19.10 8.65 11.05 5.00 
4.70–4.80 ............ 133.1–135.9 ........ 3.00 1.36 19.50 8.83 11.25 5.10 
4.80–4.90 ............ 135.9–138.8 ........ 3.00 1.36 19.90 9.02 11.45 5.19 
4.90–5.00 ............ 138.8–141.6 ........ 3.00 1.36 20.30 9.20 11.65 5.28 
5.00–5.10 ............ 141.6–144.4 ........ 3.00 1.36 20.70 9.39 11.85 5.38 
5.10–5.20 ............ 144.4–147.2 ........ 3.00 1.36 21.10 9.58 12.05 5.47 
5.20–5.30 ............ 147.2–150.1 ........ 3.00 1.36 21.50 9.76 12.25 5.56 
5.30–5.40 ............ 150.1–152.9 ........ 3.00 1.36 21.90 9.95 12.45 5.65 
5.40–5.50 ............ 152.9–155.7 ........ 3.00 1.36 22.30 10.13 12.65 5.75 
5.50–5.60 ............ 155.7–158.6 ........ 3.00 1.36 22.80 10.32 12.90 5.84 
5.60–5.70 ............ 158.6–161.4 ........ 3.00 1.36 23.20 10.51 13.10 5.93 
5.70–5.80 ............ 161.4–164.2 ........ 3.00 1.36 23.60 10.69 13.30 6.03 
5.80–5.90 ............ 164.2–167.1 ........ 3.00 1.36 24.00 10.88 13.50 6.12 
5.90–6.00 ............ 167.1–169.9 ........ 3.00 1.36 24.40 11.06 13.70 6.21 

Notes: (1) All test load weights are bone dry weights. 
(2) Allowable tolerance on the test load weights are ±0.10 lbs (0.05 kg). 

6. WAIVERS AND FIELD TESTING 

6.1 Waivers and Field Testing for Nonconven-
tional Clothes Washers. Manufacturers of non-
conventional clothes washers, such as 
clothes washers with adaptive control sys-
tems, must submit a petition for waiver pur-
suant to 10 CFR 430.27 to establish an accept-
able test procedure for that clothes washer if 
the washer cannot be tested pursuant to the 
DOE test procedure or the DOE test proce-
dure yields results that are so unrepresenta-
tive of the clothes washer’s true energy con-
sumption characteristics as to provide mate-
rially inaccurate comparative data. In such 
cases, field testing may be appropriate for 
establishing an acceptable test procedure. 
The following are guidelines for field testing 
which may be used by manufacturers in sup-
port of petitions for waiver. These guidelines 
are not mandatory and the Department may 

determine that they do not apply to a par-
ticular model. Depending upon a manufac-
turer’s approach for conducting field testing, 
additional data may be required. Manufac-
turers are encouraged to communicate with 
the Department prior to the commencement 
of field tests which may be used to support a 
petition for waiver. Section 6.3 of this Ap-
pendix provides an example of field testing 
for a clothes washer with an adaptive water 
fill control system. Other features, such as 
the use of various spin speed selections, 
could be the subject of field tests. 

6.2 Nonconventional Wash System Energy 
Consumption Test. The field test may consist 
of a minimum of 10 of the nonconventional 
clothes washers (‘‘test clothes washers’’) and 
10 clothes washers already being distributed 
in commerce (‘‘base clothes washers’’). The 
tests should include a minimum of 50 energy 
test cycles per clothes washer. The test 
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clothes washers and base clothes washers 
should be identical in construction except 
for the controls or systems being tested. 
Equal numbers of both the test clothes wash-
er and the base clothes washer should be 
tested simultaneously in comparable set-
tings to minimize seasonal or consumer 
laundering conditions or variations. The 
clothes washers should be monitored in such 
a way as to accurately record the average 
total energy and water consumption per 
cycle, including water heating energy when 
electrically heated water is used, and the en-
ergy required to remove the remaining mois-
ture of the test load. Standby and off mode 
energy consumption should be measured ac-
cording to section 4.4 of this test procedure. 
The field test results should be used to deter-
mine the best method to correlate the rating 
of the test clothes washer to the rating of 
the base clothes washer. 

6.3 Adaptive water fill control system field 
test. (1) Section 3.2.3.1 of this Appendix de-
fines the test method for measuring energy 
consumption for clothes washers which in-
corporate both adaptive and alternate man-
ual water fill control systems. Energy con-
sumption calculated by the method defined 
in section 3.2.3.1 of this Appendix assumes 
the adaptive cycle will be used 50 percent of 
the time. This section can be used to develop 
field test data in support of a petition for 
waiver when it is believed that the adaptive 
cycle will be used more than 50 percent of 
the time. The field test sample size should be 
a minimum of 10 test clothes washers. The 
test clothes washers should be representative 
of the design, construction, and control sys-
tem that will be placed in commerce. The 
duration of field testing in the user’s house 
should be a minimum of 50 energy test cy-
cles, for each unit. No special instructions as 
to cycle selection or product usage should be 
given to the field test participants, other 
than inclusion of the product literature pack 
which would be shipped with all units, and 
instructions regarding filling out data col-
lection forms, use of data collection equip-
ment, or basic procedural methods. Prior to 
the test clothes washers being installed in 
the field test locations, baseline data should 
be developed for all field test units by con-
ducting laboratory tests as defined by sec-
tion 1 through section 5 of this Appendix to 
determine the energy consumption, water 
consumption, and remaining moisture con-
tent values. The following data should be 
measured and recorded for each wash load 
during the test period: Wash cycle selected, 
the mode of the clothes washer (adaptive or 
manual), clothes load dry weight (measured 
after the clothes washer and clothes dryer 
cycles are completed) in pounds, and type of 
articles in the clothes load (e.g., cottons, lin-
ens, permanent press). The wash loads used 
in calculating the in-home percentage split 
between adaptive and manual cycle usage 

should be only those wash loads which con-
form to the definition of the energy test 
cycle. 

Calculate: 
T=The total number of energy test cycles 

run during the field test. 
Ta = The total number of adaptive control 

energy test cycles. 
Tm = The total number of manual control en-

ergy test cycles. 
The percentage weighting factors: 

Pa = (Ta/T) × 100% (the percentage weighting 
for adaptive control selection) 

Pm = (Tm/T) × 100% (the percentage weighting 
for manual control selection) 

(2) Energy consumption (HET, MET, and DE) 
and water consumption (QT), values cal-
culated in section 4 of this Appendix for the 
manual and adaptive modes, should be com-
bined using Pa and Pm as the weighting fac-
tors. 

[77 FR 13939, Mar. 7, 2012] 

APPENDIXES K–L TO SUBPART B OF PART 
430 [RESERVED] 

APPENDIX M TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF CENTRAL AIR CONDITIONERS 
AND HEAT PUMPS 

NOTE: The procedures and calculations 
that refer to off mode energy consumption 
(i.e., sections 3.13 and 4.2.8 of this appendix 
M) need not be performed to determine com-
pliance with energy conservation standards 
for central air conditioners and heat pumps 
at this time. However, any representation re-
lated to standby mode and off mode energy 
consumption of these products made after 
corresponding revisions to the central air 
conditioners and heat pumps test procedure 
must be based upon results generated under 
this test procedure, consistent with the re-
quirements of 42 U.S.C. 6293(c)(2). For resi-
dential central air conditioners and heat 
pumps manufactured on or after January 1, 
2015, compliance with the applicable provi-
sions of this test procedure is required in 
order to determine compliance with energy 
conservation standards. 

1. DEFINITIONS 

2. TESTING CONDITIONS 

2.1 Test room requirements. 
2.2 Test unit installation requirements. 
2.2.1 Defrost control settings. 
2.2.2 Special requirements for units having 

a multiple-speed outdoor fan. 
2.2.3 Special requirements for multi-split 

air conditioners and heat pumps, and sys-
tems composed of multiple mini-split units 
(outdoor units located side-by-side) that 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00455 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



446 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. M 

would normally operate using two or more 
indoor thermostats. 

2.2.4 Wet-bulb temperature requirements 
for the air entering the indoor and outdoor 
coils. 

2.2.4.1 Cooling mode tests. 
2.2.4.2 Heating mode tests. 
2.2.5 Additional refrigerant charging re-

quirements. 
2.3 Indoor air volume rates. 
2.3.1 Cooling tests. 
2.3.2 Heating tests. 
2.4 Indoor coil inlet and outlet duct con-

nections. 
2.4.1 Outlet plenum for the indoor unit. 
2.4.2 Inlet plenum for the indoor unit. 
2.5 Indoor coil air property measurements 

and air damper box applications. 
2.5.1 Test set-up on the inlet side of the in-

door coil: For cases where the inlet damper 
box is installed. 

2.5.1.1 If the section 2.4.2 inlet plenum is in-
stalled. 

2.5.1.2 If the section 2.4.2 inlet plenum is 
not installed. 

2.5.2 Test set-up on the inlet side of the in-
door unit: For cases where no inlet damper 
box is installed. 

2.5.3 Indoor coil static pressure difference 
measurement. 

2.5.4 Test set-up on the outlet side of the 
indoor coil. 

2.5.4.1 Outlet air damper box placement 
and requirements. 

2.5.4.2 Procedures to minimize temperature 
maldistribution. 

2.5.5 Dry bulb temperature measurement. 
2.5.6 Water vapor content measurement. 
2.5.7 Air damper box performance require-

ments. 
2.6 Airflow measuring apparatus. 
2.7 Electrical voltage supply. 
2.8 Electrical power and energy measure-

ments. 
2.9 Time measurements. 
2.10 Test apparatus for the secondary space 

conditioning capacity measurement. 
2.10.1 Outdoor Air Enthalpy Method. 
2.10.2 Compressor Calibration Method. 
2.10.3 Refrigerant Enthalpy Method. 
2.11 Measurement of test room ambient 

conditions. 
2.12 Measurement of indoor fan speed. 
2.13 Measurement of barometric pressure. 

3. TESTING PROCEDURES 

3.1 General Requirements. 
3.1.1 Primary and secondary test methods. 
3.1.2 Manufacturer-provided equipment 

overrides. 
3.1.3 Airflow through the outdoor coil. 
3.1.4 Airflow through the indoor coil. 
3.1.4.1 Cooling Certified Air Volume Rate. 
3.1.4.1.1 Cooling Certified Air Volume Rate 

for Ducted Units. 
3.1.4.1.2 Cooling Certified Air Volume Rate 

for Non-ducted Units. 

3.1.4.2 Cooling Minimum Air Volume Rate. 
3.1.4.3 Cooling Intermediate Air Volume 

Rate. 
3.1.4.4 Heating Certified Air Volume Rate. 
3.1.4.4.1 Ducted heat pumps where the 

Heating and Cooling Certified Air Volume 
Rates are the same. 

3.1.4.4.2 Ducted heat pumps where the 
Heating and Cooling Certified Air Volume 
Rates are different due to indoor fan oper-
ation. 

3.1.4.4.3 Ducted heating-only heat pumps. 
3.1.4.4.4 Non-ducted heat pumps, including 

non-ducted heating-only heat pumps. 
3.1.4.5 Heating Minimum Air Volume Rate. 
3.1.4.6 Heating Intermediate Air Volume 

Rate. 
3.1.4.7 Heating Nominal Air Volume Rate. 
3.1.5 Indoor test room requirement when 

the air surrounding the indoor unit is not 
supplied from the same source as the air en-
tering the indoor unit. 

3.1.6 Air volume rate calculations. 
3.1.7 Test sequence. 
3.1.8 Requirement for the air temperature 

distribution leaving the indoor coil. 
3.1.9 Control of auxiliary resistive heating 

elements. 
3.2 Cooling mode tests for different types of 

air conditioners and heat pumps. 
3.2.1 Tests for a unit having a single-speed 

compressor that is tested with a fixed-speed 
indoor fan installed, with a constant-air-vol-
ume-rate indoor fan installed, or with no in-
door fan installed. 

3.2.2 Tests for a unit having a single-speed 
compressor and a variable-speed variable-air- 
volume-rate indoor fan installed. 

3.2.2.1 Indoor fan capacity modulation that 
correlates with the outdoor dry bulb tem-
perature. 

3.2.2.2 Indoor fan capacity modulation 
based on adjusting the sensible to total (S/T) 
cooling capacity ratio. 

3.2.3 Tests for a unit having a two-capacity 
compressor. 

3.2.4 Tests for a unit having a variable- 
speed compressor. 

3.3 Test procedures for steady-state wet 
coil cooling mode tests (the A, A2, A1, B, B2, 
B1, EV, and F1 Tests). 

3.4 Test procedures for the optional steady- 
state dry coil cooling mode tests (the C, C1, 
and G1 Tests). 

3.5 Test procedures for the optional cyclic 
dry coil cooling mode tests (the D, D1, and I1 
Tests). 

3.5.1 Procedures when testing ducted sys-
tems. 

3.5.2 Procedures when testing non-ducted 
systems. 

3.5.3 Cooling mode cyclic degradation coef-
ficient calculation. 

3.6 Heating mode tests for different types 
of heat pumps, including heating-only heat 
pumps. 
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3.6.1 Tests for a heat pump having a single- 
speed compressor that is tested with a fixed 
speed indoor fan installed, with a constant- 
air-volume-rate indoor fan installed, or with 
no indoor fan installed. 

3.6.2 Tests for a heat pump having a single- 
speed compressor and a variable-speed, vari-
able-air-volume-rate indoor fan: capacity 
modulation correlates with outdoor dry bulb 
temperature. 

3.6.3 Tests for a heat pump having a two- 
capacity compressor (see Definition 1.45), in-
cluding two-capacity, northern heat pumps 
(see Definition 1.46). 

3.6.4 Tests for a heat pump having a vari-
able-speed compressor. 

3.6.5 Additional test for a heat pump hav-
ing a heat comfort controller. 

3.7 Test procedures for steady-state Max-
imum Temperature and High Temperature 
heating mode tests (the H01, H1, H12, H11, and 
H1N Tests). 

3.8 Test procedures for the optional cyclic 
heating mode tests (the H0C1, H1C, and H1C1 
Tests). 

3.8.1 Heating mode cyclic degradation coef-
ficient calculation. 

3.9 Test procedures for Frost Accumulation 
heating mode tests (the H2, H22, H2V, and H21 
Tests). 

3.9.1 Average space heating capacity and 
electrical power calculations. 

3.9.2 Demand defrost credit. 
3.10 Test procedures for steady-state Low 

Temperature heating mode tests (the H3, H32, 
and H31 Tests). 

3.11 Additional requirements for the sec-
ondary test methods. 

3.11.1 If using the Outdoor Air Enthalpy 
Method as the secondary test method. 

3.11.1.1 If a preliminary test precedes the 
official test 

3.11.1.2 If a preliminary test does not pre-
cede the official test. 

3.11.1.3 Official test. 
3.11.2 If using the Compressor Calibration 

Method as the secondary test method. 
3.11.3 If using the Refrigerant Enthalpy 

Method as the secondary test method. 
3.12 Rounding of space conditioning capac-

ities for reporting purposes. 

4. CALCULATIONS OF SEASONAL 
PERFORMANCE DESCRIPTORS 

4.1 Seasonal Energy Efficiency Ratio 
(SEER) Calculations. 

4.1.1 SEER calculations for an air condi-
tioner or heat pump having a single-speed 
compressor that was tested with a fixed- 
speed indoor fan installed, a constant-air- 
volume-rate indoor fan installed, or with no 
indoor fan installed. 

4.1.2 SEER calculations for an air condi-
tioner or heat pump having a single-speed 
compressor and a variable-speed variable-air- 
volume-rate indoor fan. 

4.1.2.1 Units covered by section 3.2.2.1 
where indoor fan capacity modulation cor-
relates with the outdoor dry bulb tempera-
ture. 

4.1.2.2 Units covered by section 3.2.2.2 
where indoor fan capacity modulation is 
used to adjust the sensible to total cooling 
capacity ratio. 

4.1.3 SEER calculations for an air condi-
tioner or heat pump having a two-capacity 
compressor. 

4.1.3.1 Steady-state space cooling capacity 
at low compressor capacity is greater than 
or equal to the building cooling load at tem-
perature Tj, Q̇c

k=1(Tj) ≥BL(Tj). 
4.1.3.2 Unit alternates between high (k=2) 

and low (k=1) compressor capacity to satisfy 
the building cooling load at temperature Tj, 
Q̇c

k=1(Tj) <BL(Tj) <Q̇c
k=2(Tj). 

4.1.3.3 Unit only operates at high (k=2) 
compressor capacity at temperature Tj and 
its capacity is greater than the building 
cooling load, BL(Tj) <Q̇c

k=2(Tj). 
4.1.3.4 Unit must operate continuously at 

high (k=2) compressor capacity at tempera-
ture Tj, BL(Tj) ≥Q̇c

k=2(Tj). 
4.1.4 SEER calculations for an air condi-

tioner or heat pump having a variable-speed 
compressor. 

4.1.4.1 Steady-state space cooling capacity 
when operating at minimum compressor 
speed is greater than or equal to the building 
cooling load at temperature Tj, Q̇c

k=1(Tj) 
≥BL(Tj). 

4.1.4.2 Unit operates at an intermediate 
compressor speed (k=i) in order to match the 
building cooling load at temperature Tj, 
Q̇c

k=1(Tj) <BL(Tj) <Q̇c
k=2(Tj). 

4.1.4.3 Unit must operate continuously at 
maximum (k=2) compressor speed at tem-
perature Tj, BL(Tj) ≥Q̇c

k=2(Tj). 
4.2 Heating Seasonal Performance Factor 

(HSPF) Calculations. 
4.2.1 Additional steps for calculating the 

HSPF of a heat pump having a single-speed 
compressor that was tested with a fixed- 
speed indoor fan installed, a constant-air- 
volume-rate indoor fan installed, or with no 
indoor fan installed. 

4.2.2 Additional steps for calculating the 
HSPF of a heat pump having a single-speed 
compressor and a variable-speed, variable- 
air-volume-rate indoor fan. 

4.2.3 Additional steps for calculating the 
HSPF of a heat pump having a two-capacity 
compressor. 

4.2.3.1 Steady-state space heating capacity 
when operating at low compressor capacity 
is greater than or equal to the building heat-
ing load at temperature Tj, Q̇h

k=1(Tj) ≥BL(Tj). 
4.2.3.2 Heat pump alternates between high 

(k=2) and low (k=1) compressor capacity to 
satisfy the building heating load at a tem-
perature Tj, Q̇h

k=1(Tj) BL (Tj) <Q̇h
k=2(Tj). 

4.2.3.3 Heat pump only operates at high 
(k=2) compressor capacity at temperature Tj 
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and its capacity is greater than the building 
heating load, BL(Tj) <Q̇h

k=2(Tj). 
4.2.3.4 Heat pump must operate continu-

ously at high (k=2) compressor capacity at 
temperature Tj, BL(Tj) ≥Q̇h

k=2(Tj). 
4.2.4 Additional steps for calculating the 

HSPF of a heat pump having a variable- 
speed compressor. 

4.2.4.1 Steady-state space heating capacity 
when operating at minimum compressor 
speed is greater than or equal to the building 
heating load at temperature Tj, Q̇h

k=1(Tj) 
≥BL(Tj). 

4.2.4.2 Heat pump operates at an inter-
mediate compressor speed (k=i) in order to 
match the building heating load at a tem-
perature Tj, Q̇h

k=1(Tj) <BL(Tj) <Q̇h
k=2(Tj). 

4.2.4.3 Heat pump must operate continu-
ously at maximum (k=2) compressor speed at 
temperature Tj, BL(Tj) ≥Q̇h

k=2(Tj). 
4.2.5 Heat pumps having a heat comfort 

controller. 
4.2.5.1 Heat pump having a heat comfort 

controller: Additional steps for calculating 
the HSPF of a heat pump having a single- 
speed compressor that was tested with a 
fixed-speed indoor fan installed, a constant- 
air-volume-rate indoor fan installed, or with 
no indoor fan installed. 

4.2.5.2 Heat pump having a heat comfort 
controller: Additional steps for calculating 
the HSPF of a heat pump having a single- 
speed compressor and a variable-speed, vari-
able-air-volume-rate indoor fan. 

4.2.5.3 Heat pumps having a heat comfort 
controller: Additional steps for calculating 
the HSPF of a heat pump having a two-ca-
pacity compressor. 

4.2.5.4 Heat pumps having a heat comfort 
controller: Additional steps for calculating 
the HSPF of a heat pump having a variable- 
speed compressor. [Reserved] 

4.3 Calculations of the Actual and Rep-
resentative Regional Annual Performance 
Factors for Heat Pumps. 

4.3.1 Calculation of actual regional annual 
performance factors (APFA) for a particular 
location and for each standardized design 
heating requirement. 

4.3.2 Calculation of representative regional 
annual performance factors (APFR) for each 
generalized climatic region and for each 
standardized design heating requirement. 

4.4 Rounding of SEER, HSPF, and APF for 
reporting purposes. 

1. Definitions 

1.1 Annual performance factor means the 
total heating and cooling done by a heat 
pump in a particular region in one year di-
vided by the total electric energy used in one 
year. Paragraph (m)(3)(iii) of § 430.23 of the 
Code of Federal Regulations states the cal-
culation requirements for this rating 
descriptor. 

1.2 ARI means Air-Conditioning and Re-
frigeration Institute. 

1.3 ARI Standard 210/240–2006 means the 
test standard ‘‘Unitary Air-Conditioning and 
Air-Source Heat Pump Equipment’’ pub-
lished in 2006 by ARI. 

1.4 ASHRAE means the American Society 
of Heating, Refrigerating and Air-Condi-
tioning Engineers, Inc. 

1.5 ASHRAE Standard 23–2005 means the 
test standard ‘‘Methods of Testing for Rating 
Positive Displacement Refrigerant Compres-
sors and Condensing Units’’ published in 2005 
by ASHRAE. 

1.6 ASHRAE Standard 37–2005 means the 
test standard ‘‘Methods of Testing for Rating 
Unitary Air-Conditioning and Heat Pump 
Equipment’’ published in 2005 by ASHRAE. 

1.7 ASHRAE Standard 41.1–86 (RA 01) 
means the test standard ‘‘Standard Method 
for Temperature Measurement’’ published in 
1986 and reaffirmed in 2001 by ASHRAE. 

1.8 ASHRAE Standard 41.2–87 (RA 92) 
means the test standard ‘‘Standard Methods 
for Laboratory Airflow Measurement’’ pub-
lished in 1987 and reaffirmed in 1992 by 
ASHRAE. 

1.9 ASHRAE Standard 41.6–94 (RA 01) 
means the test standard ‘‘Method for Meas-
urement of Moist Air Properties’’ published 
in 1994 and reaffirmed in 2001 by ASHRAE. 

1.10 ASHRAE Standard 41.9–00 means the 
test standard ‘‘Calorimeter Test Methods for 
Mass Flow Measurements of Volatile Refrig-
erants’’ published in 2000 by ASHRAE. 

1.11 ASHRAE Standard 51–99/AMCA Stand-
ard 210–1999 means the test standard ‘‘Lab-
oratory Methods of Testing Fans for Aero-
dynamic Performance Rating’’ published in 
1999 by ASHRAE and the Air Movement and 
Control Association International, Inc. 

1.12 ASHRAE Standard 116–95 RA(05) means 
the test standard ‘‘Methods of Testing for 
Rating for Seasonal Efficiency of Unitary 
Air Conditioners and Heat Pumps’’ published 
in 1995 and reaffirmed in 2005 by ASHRAE. 

1.13 CFR means Code of Federal Regula-
tions. 

1.14 Constant-air-volume-rate indoor fan 
means a fan that varies its operating speed 
to provide a fixed air-volume-rate from a 
ducted system. 

1.15 Continuously recorded, when referring 
to a dry bulb measurement, means that the 
specified temperature must be sampled at 
regular intervals that are equal to or less 
than the maximum intervals specified in sec-
tion 4.3 part ‘‘a’’ of ASHRAE Standard 41.1– 
86 (RA 01). If such dry bulb temperatures are 
used only for test room control, it means 
that one samples at regular intervals equal 
to or less than the maximum intervals speci-
fied in section 4.3 part ‘‘b’’ of the same 
ASHRAE Standard. Regarding wet bulb tem-
perature, dew point temperature, or relative 
humidity measurements, continuously re-
corded means that the measurements must 
be made at regular intervals that are equal 
to or less than 1 minute. 
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1 Systems that vary defrost intervals ac-
cording to outdoor dry-bulb temperature are 
not demand defrost systems. 

1.16 Cooling load factor (CLF) means the 
ratio having as its numerator the total cool-
ing delivered during a cyclic operating inter-
val consisting of one ON period and one OFF 
period. The denominator is the total cooling 
that would be delivered, given the same am-
bient conditions, had the unit operated con-
tinuously at its steady-state space cooling 
capacity for the same total time (ON + OFF) 
interval. 

1.17 Coefficient of Performance (COP) 
means the ratio of the average rate of space 
heating delivered to the average rate of elec-
trical energy consumed by the heat pump. 
These rate quantities must be determined 
from a single test or, if derived via interpola-
tion, must be tied to a single set of operating 
conditions. COP is a dimensionless quantity. 
When determined for a ducted unit tested 
without an indoor fan installed, COP must 
include the section 3.7, 3.8, and 3.9.1 default 
values for the heat output and power input of 
a fan motor. 

1.18 Cyclic Test means a test where the 
unit’s compressor is cycled on and off for 
specific time intervals. A cyclic test provides 
half the information needed to calculate a 
degradation coefficient. 

1.19 Damper box means a short section of 
duct having an air damper that meets the 
performance requirements of section 2.5.7. 

1.20 Degradation coefficient (CD) means a 
parameter used in calculating the part load 
factor. The degradation coefficient for cool-
ing is denoted by CD

c. The degradation coeffi-
cient for heating is denoted by CD

h. 
1.21 Demand-defrost control system means 

a system that defrosts the heat pump out-
door coil only when measuring a predeter-
mined degradation of performance. The heat 
pump’s controls monitor one or more param-
eters that always vary with the amount of 
frost accumulated on the outdoor coil (e.g., 
coil to air differential temperature, coil dif-
ferential air pressure, outdoor fan power or 
current, optical sensors, etc.) at least once 
for every ten minutes of compressor ON-time 
when space heating. One acceptable alter-
native to the criterion given in the prior sen-
tence is a feedback system that measures the 
length of the defrost period and adjusts de-
frost frequency accordingly. 1 In all cases, 
when the frost parameter(s) reaches a pre-
determined value, the system initiates a de-
frost. In a demand-defrost control system, 
defrosts are terminated based on monitoring 
a parameter(s) that indicates that frost has 
been eliminated from the coil. 

A demand-defrost control system, which 
otherwise meets the above requirements, 
may allow time-initiated defrosts if, and 

only if, such defrosts occur after 6 hours of 
compressor operating time. 

1.22 Design heating requirement (DHR) pre-
dicts the space heating load of a residence 
when subjected to outdoor design conditions. 
Estimates for the minimum and maximum 
DHR are provided for six generalized U.S. cli-
matic regions in section 4.2. 

1.23 Dry-coil tests are cooling mode tests 
where the wet-bulb temperature of the air 
supplied to the indoor coil is maintained low 
enough that no condensate forms on this 
coil. 

1.24 Ducted system means an air condi-
tioner or heat pump that is designed to be 
permanently installed equipment and deliv-
ers conditioned air to the indoor space 
through a duct(s). The air conditioner or 
heat pump may be either a split system or a 
single-packaged unit. 

1.25 Energy efficiency ratio (EER) means 
the ratio of the average rate of space cooling 
delivered to the average rate of electrical en-
ergy consumed by the air conditioner or heat 
pump. These rate quantities must be deter-
mined from a single test or, if derived via in-
terpolation, must be tied to a single set of 
operating conditions. EER is expressed in 
units of 

Btu h

W

/
.

When determined for a ducted unit tested 
without an indoor fan installed, EER must 
include the section 3.3 and 3.5.1 default val-
ues for the heat output and power input of a 
fan motor. 

1.26 Heating load factor (HLF) means the 
ratio having as its numerator the total heat-
ing delivered during a cyclic operating inter-
val consisting of one ON period and one OFF 
period. The denominator is the total heating 
that would be delivered, given the same am-
bient conditions, if the unit operated con-
tinuously at its steady-state space heating 
capacity for the same total time (ON plus 
OFF) interval. 

1.27 Heating seasonal performance factor 
(HSPF) means the total space heating re-
quired during the space heating season, ex-
pressed in Btu’s, divided by the total elec-
trical energy consumed by the heat pump 
system during the same season, expressed in 
watt-hours. The HSPF used to evaluate com-
pliance with the Energy Conservation Stand-
ards (see 10 CFR 430.32(c), subpart C) is based 
on Region IV, the minimum standardized de-
sign heating requirement, and the sampling 
plan stated in 10 CFR 430.24(m), subpart B. 

1.28 Heat pump having a heat comfort con-
troller means equipment that regulates the 
operation of the electric resistance elements 
to assure that the air temperature leaving 
the indoor section does not fall below a spec-
ified temperature. This specified tempera-
ture is usually field adjustable. Heat pumps 
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that actively regulate the rate of electric re-
sistance heating when operating below the 
balance point (as the result of a second stage 
call from the thermostat) but do not operate 
to maintain a minimum delivery tempera-
ture are not considered as having a heat 
comfort controller. 

1.29 Mini-split air conditioners and heat 
pumps means systems that have a single out-
door section and one or more indoor sec-
tions. The indoor sections cycle on and off in 
unison in response to a single indoor thermo-
stat. 

1.30 Multiple-split air conditioners and 
heat pumps means systems that have two or 
more indoor sections. The indoor sections 
operate independently and can be used to 
condition multiple zones in response to mul-
tiple indoor thermostats. 

1.31 Non-ducted system means an air condi-
tioner or heat pump that is designed to be 
permanently installed equipment and di-
rectly heats or cools air within the condi-
tioned space using one or more indoor coils 
that are mounted on room walls and/or ceil-
ings. The unit may be of a modular design 
that allows for combining multiple outdoor 
coils and compressors to create one overall 
system. Non-ducted systems covered by this 
test procedure are all split systems. 

1.32 Part-load factor (PLF) means the ratio 
of the cyclic energy efficiency ratio (coeffi-
cient of performance) to the steady-state en-
ergy efficiency ratio (coefficient of perform-
ance). Evaluate both energy efficiency ratios 
(coefficients of performance) based on oper-
ation at the same ambient conditions. 

1.33 Seasonal energy efficiency ratio 
(SEER) means the total heat removed from 
the conditioned space during the annual 
cooling season, expressed in Btu’s, divided by 
the total electrical energy consumed by the 
air conditioner or heat pump during the 
same season, expressed in watt-hours. The 
SEER calculation in section 4.1 of this ap-
pendix and the sampling plan stated in 10 
CFR subpart B, 430.24(m) are used to evalu-
ate compliance with the Energy Conserva-
tion Standards. (See 10 CFR 430.32(c), subpart 
C.) 

1.34 Single-packaged unit means any cen-
tral air conditioner or heat pump that has 
all major assemblies enclosed in one cabinet. 

1.35 Small-duct, high-velocity system 
means a system that contains a blower and 
indoor coil combination that is designed for, 
and produces, at least 1.2 inches (of water) of 
external static pressure when operated at 
the full-loadair volume rate of 220–350 cfm 
per rated ton of cooling. When applied in the 
field, small-duct products use high-velocity 
room outlets (i.e., generally greater than 1000 
fpm) having less than 6.0 square inches of 
free area. 

1.36 Split system means any air condi-
tioner or heat pump that has one or more of 

the major assemblies separated from the 
others. 

1.37 Standard Air means dry air having a 
mass density of 0.075 lb/ft3. 

1.38 Steady-state test means a test where 
the test conditions are regulated to remain 
as constant as possible while the unit oper-
ates continuously in the same mode. 

1.39 Temperature bin means the 5 °F incre-
ments that are used to partition the outdoor 
dry-bulb temperature ranges of the cooling 
(≥65 °F) and heating (<65 °F) seasons. 

1.40 Test condition tolerance means the 
maximum permissible difference between the 
average value of the measured test param-
eter and the specified test condition. 

1.41 Test operating tolerance means the 
maximum permissible range that a measure-
ment may vary over the specified test inter-
val. The difference between the maximum 
and minimum sampled values must be less 
than or equal to the specified test operating 
tolerance. 

1.42 Time adaptive defrost control system 
is a demand-defrost control system (see defi-
nition 1.21) that measures the length of the 
prior defrost period(s) and uses that informa-
tion to automatically determine when to ini-
tiate the next defrost cycle. 

1.43 Time-temperature defrost control sys-
tems initiate or evaluate initiating a defrost 
cycle only when a predetermined cumulative 
compressor ON-time is obtained. This pre-
determined ON-time is generally a fixed 
value (e.g., 30, 45, 90 minutes) although it 
may vary based on the measured outdoor 
dry-bulb temperature. The ON-time counter 
accumulates if controller measurements 
(e.g., outdoor temperature, evaporator tem-
perature) indicate that frost formation con-
ditions are present, and it is reset/remains at 
zero at all other times. In one application of 
the control scheme, a defrost is initiated 
whenever the counter time equals the pre-
determined ON-time. The counter is reset 
when the defrost cycle is completed. 

In a second application of the control 
scheme, one or more parameters are meas-
ured (e.g., air and/or refrigerant tempera-
tures) at the predetermined, cumulative, 
compressor ON-time. A defrost is initiated 
only if the measured parameter(s) falls with-
in a predetermined range. The ON-time 
counter is reset regardless of whether a de-
frost is initiated. If systems of this second 
type use cumulative ON-time intervals of 10 
minutes or less, then the heat pump may 
qualify as having a demand defrost control 
system (see definition 1.21). 

1.44 Triple-split system means an air condi-
tioner or heat pump that is composed of 
three separate components: An outdoor fan 
coil section, an indoor fan coil section, and 
an indoor compressor section. 

1.45 Two-capacity (or two-stage) com-
pressor means an air conditioner or heat 
pump that has one of the following: 
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(1) A two-speed compressor, 
(2) Two compressors where only one com-

pressor ever operates at a time, 
(3) Two compressors where one compressor 

(Compressor #1) operates at low loads and 
both compressors (Compressors #1 and #2) 
operate at high loads but Compressor #2 
never operates alone, or 

(4) A compressor that is capable of cylinder 
or scroll unloading. 

For such systems, low capacity means: 
(1) Operating at low compressor speed, 
(2) Operating the lower capacity com-

pressor, 
(3) Operating Compressor #1, or 
(4) Operating with the compressor un-

loaded (e.g., operating one piston of a two- 
piston reciprocating compressor, using a 
fixed fractional volume of the full scroll, 
etc.). 

For such systems, high capacity means: 
(1) Operating at high compressor speed, 
(2) Operating the higher capacity com-

pressor, 
(3) Operating Compressors #1 and #2, or 
(4) Operating with the compressor loaded 

(e.g., operating both pistons of a two-piston 
reciprocating compressor, using the full vol-
ume of the scroll). 

1.46 Two-capacity, northern heat pump 
means a heat pump that has a factory or 
field-selectable lock-out feature to prevent 
space cooling at high-capacity. Two-capacity 
heat pumps having this feature will typically 
have two sets of ratings, one with the feature 
disabled and one with the feature enabled. 
The indoor coil model number should reflect 
whether the ratings pertain to the lockout 
enabled option via the inclusion of an extra 
identifier, such as ‘‘+LO.’’ When testing as a 
two-capacity, northern heat pump, the lock-
out feature must remain enabled for all 
tests. 

1.47 Wet-coil test means a test conducted 
at test conditions that typically cause water 
vapor to condense on the test unit evapo-
rator coil. 

2. Testing Conditions 

This test procedure covers split-type and 
single-packaged ducted units and split-type 
non-ducted units. Except for units having a 
variable-speed compressor, ducted units test-
ed without an indoor fan installed are cov-
ered. 

a. Only a subset of the sections listed in 
this test procedure apply when testing and 
rating a particular unit. Tables 1–A through 
1–C show which sections of the test proce-
dure apply to each type of equipment. In 
each table, look at all four of the Roman nu-
meral categories to see what test sections 
apply to the equipment being tested. 

1. The first category, Rows I–1 through I–4 
of the Tables, pertains to the compressor and 
indoor fan features of the equipment. After 
identifying the correct ‘‘I’’ row, find the 

table cells in the same row that list the type 
of equipment being tested: Air conditioner 
(AC), heat pump (HP), or heating-only heat 
pump (HH). Use the test section(s) listed 
above each noted table cell for testing and 
rating the unit. 

2. The second category, Rows II–1 and II–2, 
pertains to the presence or absence of ducts. 
Row II–1 shows the test procedure sections 
that apply to ducted systems, and Row II–2 
shows those that apply to non-ducted sys-
tems. 

3. The third category is for special features 
that may be present in the equipment. When 
testing units that have one or more of the 
three (special) equipment features described 
by the Table legend for Category III, use 
Row III to find test sections that apply. 

4. The fourth category is for the secondary 
test method to be used. If the secondary 
method for determining the unit’s cooling 
and/or heating capacity is known, use Row 
IV to find the appropriate test sections. Oth-
erwise, include all of the test sections ref-
erenced by Row IV cell entries—i.e., sections 
2.10 to 2.10.3 and 3.11 to 3.11.3—among those 
sections consulted for testing and rating in-
formation. 

b. Obtain a complete listing of all perti-
nent test sections by recording those sec-
tions identified from the four categories 
above. 

c. The user should note that, for many sec-
tions, only part of a section applies to the 
unit being tested. In a few cases, the entire 
section may not apply. For example, sections 
3.4 to 3.5.3 (which describe optional dry coil 
tests), are not relevant if the allowed default 
value for the cooling mode cyclic degrada-
tion coefficient is used rather than deter-
mining it by testing. 

Example for Using Tables 1–A to 1–C 

Equipment Description: A ducted air con-
ditioner having a single-speed compressor, a 
fixed-speed indoor fan, and a multi-speed 
outdoor fan. 

Secondary Test Method: Refrigerant En-
thalpy Method 

Step 1. Determine which of four listed Row 
‘‘I’’ options applies ==>Row I–2 

Table 1–A: ‘‘AC’’ in Row I–2 is found in the 
columns for sections 1.1 to 1.47, 2.1 to 2.2, 
2.2.4 to 2.2.4.1, 2.2.5, 2.3 to 2.3.1, 2.4 to 2.4.1, 2.5, 
2.5.2 to 2.10, and 2.11 to 2.13. 

Table 1–B: ‘‘AC’’ is listed in Row I–2 for 
sections 3 to 3.1.4, 3.1.5 to 3.1.8, 3.2.1, 3.3 to 
3.5, 3.5.3, 3.11 and 3.12. 

Table 1–C: ‘‘AC’’ is listed in Row I–2 for 
sections 4.1.1 and 4.4. 

Step 2. Equipment is ducted ==>Row II–1 
Table 1–A: ‘‘AC’’ is listed in Row II–1 for 

sections 2.4.2 and 2.5.1 to 2.5.1.2. 
Table 1–B: ‘‘AC’’ is listed in Row II–1 for 

sections 3.1.4.1 to 3.1.4.1.1 and 3.5.1. 
Table 1–C: no ‘‘AC’’ listings in Row II–1. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00461 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



452 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. M 

Step 3. Equipment Special Features in-
clude multi-speed outdoor fan ==>Row III, M 

Table 1–A: ‘‘M’’ is listed in Row III for sec-
tion 2.2.2 

Tables 1–B and 1–C: no ‘‘M’’ listings in Row 
III. 

Step 4. Secondary Test Method is Refrig-
erant Enthalpy Method ==>Row IV, R 

Table 1–A: ‘‘R’’ is listed in Row IV for sec-
tion 2.10.3 

Table 1–B: ‘‘R’’ is listed in Row IV for sec-
tion 3.11.3 

Table 1–C: no ‘‘R’’ listings in Row IV. 
Step 5. Cumulative listing of applicable 

test procedure sections 1.1 to 1.47, 2.1 to 2.2, 
2.2.2, 2.2.4 to 2.4.1, 2.2.5, 2.3 to 2.3.1, 2.4 to 2.4.1, 
2.4.2, 2.5, 2.5.1 to 2.5.1.2, 2.5.2 to 2.10, 2.10.3, 
2.11 to 2.13, 3. to 3.1.4, 3.1.4.1 to 3.1.4.1.1, 3.1.5 
to 3.1.8, 3.2.1, 3.3 to 3.5, 3.5.1, 3.5.3, 3.11, 3.11.3, 
3.12, 4.1.1, and 4.4. 
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2.1 Test room requirements. a. Test using 
two side-by-side rooms, an indoor test room 
and an outdoor test room. For multiple-split 
air conditioners and heat pumps (see Defini-
tion 1.30), however, use as many available in-
door test rooms as needed to accommodate 
the total number of indoor units. These 
rooms must comply with the requirements 
specified in sections 8.1.2 and 8.1.3 of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22). 

b. Inside these test rooms, use artificial 
loads during cyclic tests and frost accumula-
tion tests, if needed, to produce stabilized 
room air temperatures. For one room, select 
an electric resistance heater(s) having a 
heating capacity that is approximately equal 
to the heating capacity of the test unit’s 
condenser. For the second room, select a 
heater(s) having a capacity that is close to 
the sensible cooling capacity of the test 
unit’s evaporator. When applied, cycle the 
heater located in the same room as the test 
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unit evaporator coil ON and OFF when the 
test unit cycles ON and OFF. Cycle the heat-
er located in the same room as the test unit 
condensing coil ON and OFF when the test 
unit cycles OFF and ON. 

2.2 Test unit installation requirements. a. 
Install the unit according to section 8.2 of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22). With respect to inter-
connecting tubing used when testing split 
systems, however, follow the requirements 
given in section 6.1.3.5 of ARI Standard 210/ 
240–2006 (incorporated by reference, see 
§ 430.22). When testing triple-split systems 
(see Definition 1.44), use the tubing length 
specified in section 6.1.3.5 of ARI Standard 
210/240–2006 (incorporated by reference, see 
§ 430.22) to connect the outdoor coil, indoor 
compressor section, and indoor coil while 
still meeting the requirement of exposing 10 
feet of the tubing to outside conditions. 
When testing split systems having multiple 
indoor coils, connect each indoor fan-coil to 
the outdoor unit using: (a) 25 feet of tubing, 
or (b) tubing furnished by the manufacturer, 
whichever is longer. If they are needed to 
make a secondary measurement of capacity, 
install refrigerant pressure measuring in-
struments as described in section 8.2.5 of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22). Refer to section 2.10 of 
this appendix to learn which secondary 
methods require refrigerant pressure meas-
urements. At a minimum, insulate the low- 
pressure line(s) of a split-system with insula-
tion having an inside diameter that matches 
the refrigerant tubing and a nominal thick-
ness of 0.5 inch. 

b. For units designed for both horizontal 
and vertical installation or for both up-flow 
and down-flow vertical installations, the 
manufacturer must specify the orientation 
used for testing. Conduct testing with the 
following installed: 

(1) the most restrictive filter(s); 
(2) supplementary heating coils; and 
(3) other equipment specified as part of the 

unit, including all hardware used by a heat 
comfort controller if so equipped (see Defini-
tion 1.28). For small-duct, high-velocity sys-
tems, configure all balance dampers or 
restrictor devices on or inside the unit to 
fully open or lowest restriction. 

c. Testing a ducted unit without having an 
indoor air filter installed is permissible as 
long as the minimum external static pres-
sure requirement is adjusted as stated in 
Table 2, note 3 (see section 3.1.4). Except as 
noted in section 3.1.9, prevent the indoor air 
supplementary heating coils from operating 
during all tests. For coil-only indoor units 
that are supplied without an enclosure, cre-
ate an enclosure using 1 inch fiberglass 
ductboard having a nominal density of 6 
pounds per cubic foot. Or alternatively, use 
some other insulating material having a 
thermal resistance (‘‘R’’ value) between 4 

and 6 hr·ft2· °F/Btu. For units where the coil 
is housed within an enclosure or cabinet, no 
extra insulating or sealing is allowed. 

2.2.1 Defrost control settings. Set heat 
pump defrost controls at the normal settings 
which most typify those encountered in gen-
eralized climatic region IV. (Refer to Figure 
2 and Table 17 of section 4.2 for information 
on region IV.) For heat pumps that use a 
time-adaptive defrost control system (see 
Definition 1.42), the manufacturer must 
specify the frosting interval to be used dur-
ing Frost Accumulation tests and provide 
the procedure for manually initiating the de-
frost at the specified time. To ease testing of 
any unit, the manufacturer should provide 
information and any necessary hardware to 
manually initiate a defrost cycle. 

2.2.2 Special requirements for units having 
a multiple-speed outdoor fan. Configure the 
multiple-speed outdoor fan according to the 
manufacturer’s specifications, and there-
after, leave it unchanged for all tests. The 
controls of the unit must regulate the oper-
ation of the outdoor fan during all lab tests 
except dry coil cooling mode tests. For dry 
coil cooling mode tests, the outdoor fan 
must operate at the same speed used during 
the required wet coil test conducted at the 
same outdoor test conditions. 

2.2.3 Special requirements for multi-split 
air conditioners and heat pumps, and sys-
tems composed of multiple mini-split units 
(outdoor units located side-by-side) that 
would normally operate using two or more 
indoor thermostats. For any test where the 
system is operated at part load (i.e., one or 
more compressors ‘‘off’’, operating at the in-
termediate or minimum compressor speed, 
or at low compressor capacity), the manufac-
turer shall designate the particular indoor 
coils that are turned off during the test. For 
variable-speed systems, the manufacturer 
must designate at least one indoor unit that 
is turned off for all tests conducted at min-
imum compressor speed. For all other part- 
load tests, the manufacturer shall choose to 
turn off zero, one, two, or more indoor units. 
The chosen configuration shall remain un-
changed for all tests conducted at the same 
compressor speed/capacity. For any indoor 
coil that is turned off during a test, take 
steps to cease forced airflow through this in-
door coil and block its outlet duct. Because 
these types of systems will have more than 
one indoor fan and possibly multiple outdoor 
fans and compressor systems, references in 
this test procedure to a single indoor fan, 
outdoor fan, and compressor means all in-
door fans, all outdoor fans, and all com-
pressor systems that are turned on during 
the test. 

2.2.4 Wet-bulb temperature requirements 
for the air entering the indoor and outdoor 
coils. 

2.2.4.1 Cooling mode tests. For wet-coil 
cooling mode tests, regulate the water vapor 
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content of the air entering the indoor unit to 
the applicable wet-bulb temperature listed in 
Tables 3 to 6. As noted in these same tables, 
achieve a wet-bulb temperature during dry- 
coil cooling mode tests that results in no 
condensate forming on the indoor coil. Con-
trolling the water vapor content of the air 
entering the outdoor side of the unit is not 
required for cooling mode tests except when 
testing: 

(1) Units that reject condensate to the out-
door coil during wet coil tests. Tables 3–6 list 
the applicable wet-bulb temperatures. 

(2) Single-packaged units where all or part 
of the indoor section is located in the out-
door test room. The average dew point tem-
perature of the air entering the outdoor coil 
during wet coil tests must be within ±3.0 °F 
of the average dew point temperature of the 
air entering the indoor coil over the 30- 
minute data collection interval described in 
section 3.3. For dry coil tests on such units, 
it may be necessary to limit the moisture 
content of the air entering the outdoor side 
of the unit to meet the requirements of sec-
tion 3.4. 

2.2.4.2 Heating mode tests. For heating 
mode tests, regulate the water vapor content 
of the air entering the outdoor unit to the 
applicable wet-bulb temperature listed in 
Tables 9 to 12. The wet-bulb temperature en-
tering the indoor side of the heat pump must 
not exceed 60 °F. Additionally, if the Outdoor 
Air Enthalpy test method is used while test-
ing a single-packaged heat pump where all or 
part of the outdoor section is located in the 
indoor test room, adjust the wet-bulb tem-
perature for the air entering the indoor side 
to yield an indoor-side dew point tempera-
ture that is as close as reasonably possible to 
the dew point temperature of the outdoor- 
side entering air. 

2.2.5 Additional refrigerant charging re-
quirements. Charging according to the 
‘‘manufacturer’s published instructions,’’ as 
stated in section 8.2 of ASHRAE Standard 37– 
2005 (incorporated by reference, see § 430.22), 
means the manufacturer’s installation in-
structions that come packaged with the 
unit.If a unit requires charging but the in-
stallation instructions do not specify a 
charging procedure, then evacuate the unit 
and add the nameplate refrigerant charge. 
Where the manufacturer’s installation in-
structions contain two sets of refrigerant 
charging criteria, one for field installations 
and one for lab testing, use the field installa-
tion criteria. For third-party testing, the 
test laboratory may consult with the manu-
facturer about the refrigerant charging pro-
cedure and make any needed corrections so 
long as they do not contradict the published 
installation instructions. The manufacturer 
may specify an alternative charging criteria 
to the third-party laboratory so long as the 
manufacturer thereafter revises the pub-
lished installation instructions accordingly. 

2.3 Indoor air volume rates. If a unit’s con-
trols allow for overspeeding the indoor fan 
(usually on a temporary basis), take the nec-
essary steps to prevent overspeeding during 
all tests. 

2.3.1 Cooling tests. a. Set indoor fan con-
trol options (e.g., fan motor pin settings, fan 
motor speed) according to the published in-
stallation instructions that are provided 
with the equipment while meeting the air-
flow requirements that are specified in sec-
tions 3.1.4.1 to 3.1.4.3. 

b. Express the Cooling Full-load Air Vol-
ume Rate, the Cooling Minimum Air Volume 
Rate, and the Cooling Intermediate Air Vol-
ume Rate in terms of standard air. 

2.3.2 Heating tests. a. If needed, set the in-
door fan control options (e.g., fan motor pin 
settings, fan motor speed) according to the 
published installation instructions that are 
provided with the equipment. Do this set-up 
while meeting all applicable airflow require-
ments specified in sections 3.1.4.4 to 3.1.4.7. 

b. Express the Heating Certified Air Vol-
ume Rate, the Heating Minimum Air Volume 
Rate, the Heating Intermediate Air Volume 
Rate, and the Heating Nominal Air Volume 
Rate in terms of standard air. 

2.4 Indoor coil inlet and outlet duct con-
nections. Insulate and/or construct the out-
let plenum described in section 2.4.1 and, if 
installed, the inlet plenum described in sec-
tion 2.4.2 with thermal insulation having a 
nominal overall sistance (R-value) of at least 
19 hr·ft2· °F/Btu. 

2.4.1 Outlet plenum for the indoor unit. a. 
Attach a plenum to the outlet of the indoor 
coil. (NOTE: for some packaged systems, the 
indoor coil may be located in the outdoor 
test room.) 

b. For systems having multiple indoor 
coils, attach a plenum to each indoor coil 
outlet. Connect two or more outlet plenums 
to a single common duct so that each indoor 
coil ultimately connects to an airflow meas-
uring apparatus (section 2.6). If using more 
than one indoor test room, do likewise, cre-
ating one or more common ducts within each 
test room that contains multiple indoor 
coils. At the plane where each plenum enters 
a common duct, install an adjustable airflow 
damper and use it to equalize the static pres-
sure in each plenum. Each outlet air tem-
perature grid (section 2.5.4) and airflow 
measuring apparatus are located down-
stream of the inlet(s) to the common duct. 

c. For small-duct, high-velocity systems, 
install an outlet plenum that has a diameter 
that is equal to or less than the value listed 
below. The limit depends only on the cooling 
Full-Load Air Volume Rate (see section 
3.1.4.1.1) and is effective regardless of the 
flange dimensions on the outlet of the unit 
(or an air supply plenum adapter accessory, 
if installed in accordance with the manufac-
turer’s installation instructions). 
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d. Add a static pressure tap to each face of 
the (each) outlet plenum, if rectangular, or 
at four evenly distributed locations along 
the circumference of an oval or round ple-
num. Create a manifold that connects the 
four static pressure taps. Figure 1 shows two 
of the three options allowed for the manifold 
configuration; the third option is the bro-
ken-ring, four-to-one manifold configuration 
that is shown in Figure 7a of ASHRAE 
Standard 37–2005 (incorporated by reference, 
see § 430.22). See Figures 7a, 7b, 7c, and 8 of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22) for the cross-sectional 
dimensions and minimum length of the 
(each) plenum and the locations for adding 
the static pressure taps for units tested with 
and without an indoor fan installed. 

Cooling full-load air volume rate 
(scfm) 

Maximum diameter* of 
outlet plenum 

(inches) 

≤500 ............................................... 6 
501 to 700 ..................................... 7 
701 to 900 ..................................... 8 
901 to 1100 ................................... 9 
1101 to 1400 ................................. 10 
1401 to 1750 ................................. 11 

*If the outlet plenum is rectangular, calculate its equivalent 
diameter using (4A/P,) where A is the area and P is the pe-
rimeter of the rectangular plenum, and compare it to the listed 
maximum diameter. 

2.4.2 Inlet plenum for the indoor unit. In-
stall an inlet plenum when testing a coil- 
only indoor unit or a packaged system where 
the indoor coil is located in the outdoor test 
room. Add static pressure taps at the center 
of each face of this plenum, if rectangular, or 
at four evenly distributed locations along 
the circumference of an oval or round ple-
num. Make a manifold that connects the 
four static-pressure taps using one of the 
three configurations specified in section 
2.4.1. See Figures 7b, 7c, and Figure 8 of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22) for cross-sectional di-
mensions, the minimum length of the inlet 
plenum, and the locations of the static-pres-
sure taps. When testing a ducted unit having 
an indoor fan (and the indoor coil is in the 
indoor test room), the manufacturer has the 
option to test with or without an inlet ple-
num installed. Space limitations within the 
test room may dictate that the manufac-
turer choose the latter option. If used, con-
struct the inlet plenum and add the four 
static-pressure taps as shown in Figure 8 of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22). Manifold the four 
static-pressure taps using one of the three 
configurations specified in section 2.4.1. 
Never use an inlet plenum when testing a 
non-ducted system. 

2.5 Indoor coil air property measurements 
and air damper box applications. a. Measure 
the dry-bulb temperature and water vapor 
content of the air entering and leaving the 

indoor coil. If needed, use an air sampling de-
vice to divert air to a sensor(s) that meas-
ures the water vapor content of the air. See 
Figure 2 of ASHRAE Standard 41.1–86 (RA 01) 
(incorporated by reference, see § 430.22) for 
guidance on constructing an air sampling de-
vice. The sampling device may also divert 
air to a remotely located sensor(s) that 
measures dry bulb temperature. The air sam-
pling device and the remotely located tem-
perature sensor(s) may be used to determine 
the entering air dry bulb temperature during 
any test. The air sampling device and the re-
motely located leaving air dry bulb tempera-
ture sensor(s) may be used for all tests ex-
cept: 

(1) Cyclic tests; and 
(2) Frost accumulation tests. 
b. An acceptable alternative in all cases, 

including the two special cases noted above, 
is to install a grid of dry bulb temperature 
sensors within the outlet and inlet ducts. 
Use a temperature grid to get the average 
dry bulb temperature at one location, leav-
ing or entering, or when two grids are ap-
plied as a thermopile, to directly obtain the 
temperature difference. A grid of tempera-
ture sensors (which may also be used for de-
termining average leaving air dry bulb tem-
perature) is required to measure the tem-
perature distribution within a cross-section 
of the leaving airstream. 

c. Use an inlet and outlet air damper box 
when testing ducted systems if conducting 
one or both of the cyclic tests listed in sec-
tions 3.2 and 3.6. Otherwise, install an outlet 
air damper box when testing heat pumps, 
both ducted and non-ducted, that cycle off 
the indoor fan during defrost cycles if no 
other means is available for preventing nat-
ural or forced convection through the indoor 
unit when the indoor fan is off. Never use an 
inlet damper box when testing a non-ducted 
system. 

2.5.1 Test set-up on the inlet side of the in-
door coil: for cases where the inlet damper 
box is installed. a. Install the inlet side 
damper box as specified in section 2.5.1.1 or 
2.5.1.2, whichever applies. Insulate or con-
struct the ductwork between the point where 
the air damper is installed and where the 
connection is made to either the inlet ple-
num (section 2.5.1.1 units) or the indoor unit 
(section 2.5.1.2 units) with thermal insula-
tion that has a nominal overall resistance 
(R-value) of at least 19 hr·ft2· °F/Btu. 

b. Locate the grid of entering air dry-bulb 
temperature sensors, if used, at the inlet of 
the damper box. Locate the air sampling de-
vice, or the sensor used to measure the water 
vapor content of the inlet air, at a location 
immediately upstream of the damper box 
inlet. 

2.5.1.1 If the section 2.4.2 inlet plenum is in-
stalled. Install the inlet damper box up-
stream of the inlet plenum. The cross-sec-
tional flow area of the damper box must be 
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equal to or greater than the flow area of the 
inlet plenum. If needed, use an adaptor plate 
or a transition duct section to connect the 
damper box with the inlet plenum. 

2.5.1.2 If the section 2.4.2 inlet plenum is 
not installed. Install the damper box imme-
diately upstream of the air inlet of the in-
door unit. The cross-sectional dimensions of 
the damper box must be equal to or greater 
than the dimensions of the indoor unit inlet. 
If needed, use an adaptor plate or a short 
transition duct section to connect the damp-
er box with the unit’s air inlet. Add static 
pressure taps at the center of each face of 
the damper box, if rectangular, or at four 
evenly distributed locations along the cir-
cumference, if oval or round. Locate the 
pressure taps between the inlet damper and 
the inlet of the indoor unit. Make a manifold 
that connects the four static pressure taps. 

2.5.2 Test set-up on the inlet side of the in-
door unit: for cases where no inlet damper 
box is installed. If using the section 2.4.2 
inlet plenum and a grid of dry bulb tempera-
ture sensors, mount the grid at a location 
upstream of the static pressure taps de-
scribed in section 2.4.2, preferably at the en-
trance plane of the inlet plenum. If the sec-
tion 2.4.2 inlet plenum is not used, but a grid 
of dry bulb temperature sensors is used, lo-
cate the grid approximately 6 inches up-
stream from the inlet of the indoor coil. Or, 
in the case of non-ducted units having mul-
tiple indoor coils, locate a grid approxi-
mately 6 inches upstream from the inlet of 
each indoor coil. Position an air sampling 
device, or the sensor used to measure the 
water vapor content of the inlet air, imme-
diately upstream of the (each) entering air 
dry-bulb temperature sensor grid. If a grid of 
sensors is not used, position the entering air 
sampling device (or the sensor used to meas-
ure the water vapor content of the inlet air) 
as if the grid were present. 

2.5.3 Indoor coil static pressure difference 
measurement. Section 6.5.2 of ASHRAE 
Standard 37–2005 (incorporated by reference, 
see § 430.22) describes the method for fabri-
cating static-pressure taps. Also refer to Fig-
ure 2A of ASHRAE Standard 51–99/AMCA 
Standard 210–99 (incorporated by reference, 
see § 430.22). Use a differential pressure meas-
uring instrument that is accurate to within 
±0.01 inches of water and has a resolution of 
at least 0.01 inches of water to measure the 
static pressure difference between the indoor 
coil air inlet and outlet. Connect one side of 
the differential pressure instrument to the 
manifolded pressure taps installed in the 
outlet plenum. Connect the other side of the 
instrument to the manifolded pressure taps 
located in either the inlet plenum or incor-
porated within the air damper box. If an 
inlet plenum or inlet damper box are not 
used, leave the inlet side of the differential 
pressure instrument open to the surrounding 
atmosphere. For non-ducted systems that 

are tested with multiple outlet plenums, 
measure the static pressure within each out-
let plenum relative to the surrounding at-
mosphere. 

2.5.4 Test set-up on the outlet side of the 
indoor coil. a. Install an interconnecting 
duct between the outlet plenum described in 
section 2.4.1 and the airflow measuring appa-
ratus described below in section 2.6. The 
cross-sectional flow area of the inter-
connecting duct must be equal to or greater 
than the flow area of the outlet plenum or 
the common duct used when testing non- 
ducted units having multiple indoor coils. If 
needed, use adaptor plates or transition duct 
sections to allow the connections. To mini-
mize leakage, tape joints within the inter-
connecting duct (and the outlet plenum). 
Construct or insulate the entire flow section 
with thermal insulation having a nominal 
overall resistance (R-value) of at least 19 
hr·ft2· °F/Btu. 

b. Install a grid(s) of dry-bulb temperature 
sensors inside the interconnecting duct. 
Also, install an air sampling device, or the 
sensor(s) used to measure the water vapor 
content of the outlet air, inside the inter-
connecting duct. Locate the dry-bulb tem-
perature grid(s) upstream of the air sampling 
device (or the in-duct sensor(s) used to meas-
ure the water vapor content of the outlet 
air). Air that circulates through an air sam-
pling device and past a remote water-vapor- 
content sensor(s) must be returned to the 
interconnecting duct at a point: 

(1) Downstream of the air sampling device; 
(2) Upstream of the outlet air damper box, 

if installed; and 
(3) Upstream of the section 2.6 airflow 

measuring apparatus. 
2.5.4.1 Outlet air damper box placement 

and requirements. If using an outlet air 
damper box (see section 2.5), install it within 
the interconnecting duct at a location down-
stream of the location where air from the 
sampling device is reintroduced or down-
stream of the in-duct sensor that measures 
water vapor content of the outlet air. The 
leakage rate from the combination of the 
outlet plenum, the closed damper, and the 
duct section that connects these two compo-
nents must not exceed 20 cubic feet per 
minute when a negative pressure of 1 inch of 
water column is maintained at the plenum’s 
inlet. 

2.5.4.2 Procedures to minimize temperature 
maldistribution. Use these procedures if nec-
essary to correct temperature maldistribu-
tions. Install a mixing device(s) upstream of 
the outlet air, dry-bulb temperature grid 
(but downstream of the outlet plenum static 
pressure taps). Use a perforated screen lo-
cated between the mixing device and the dry- 
bulb temperature grid, with a maximum 
open area of 40 percent. One or both items 
should help to meet the maximum outlet air 
temperature distribution specified in section 
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3.1.8. Mixing devices are described in sections 
6.3—6.5 of ASHRAE Standard 41.1–86 (RA 01) 
(incorporated by reference, see § 430.22) and 
section 5.2.2 of ASHRAE Standard 41.2–87 
(RA 92) (incorporated by reference, see 
§ 430.22). 

2.5.4.3 Minimizing air leakage. For small- 
duct, high-velocity systems, install an air 
damper near the end of the interconnecting 
duct, just prior to the transition to the air-
flow measuring apparatus of section 2.6. To 
minimize air leakage, adjust this damper 
such that the pressure in the receiving 
chamber of the airflow measuring apparatus 
is no more than 0.5 inch of water higher than 
the surrounding test room ambient. In lieu 
of installing a separate damper, use the out-
let air damper box of sections 2.5 and 2.5.4.1 
if it allows variable positioning. Also apply 
these steps to any conventional indoor blow-
er unit that creates a static pressure within 
the receiving chamber of the airflow meas-
uring apparatus that exceeds the test room 
ambient pressure by more than 0.5 inches of 
water column. 

2.5.5 Dry bulb temperature measurement. 
a. Measure dry bulb temperatures as speci-
fied in sections 4, 5, 6.1–6.10, 9, 10, and 11 of 
ASHRAE Standard 41.1–86 (RA 01) (incor-
porated by reference, see § 430.22). The tran-
sient testing requirements cited in section 
4.3 of ASHRAE Standard 41.1–86 (RA 01) (in-
corporated by reference, see § 430.22) apply if 
conducting a cyclic or frost accumulation 
test. 

b. Distribute the sensors of a dry-bulb tem-
perature grid over the entire flow area. The 
required minimum is 9 sensors per grid. 

2.5.6 Water vapor content measurement. 
Determine water vapor content by meas-
uring dry-bulb temperature combined with 
the air wet-bulb temperature, dew point tem-
perature, or relative humidity. If used, con-
struct and apply wet-bulb temperature sen-
sors as specified in sections 4, 5, 6, 9, 10, and 
11 of ASHRAE Standard 41.1–86 (RA 01) (in-
corporated by reference, see § 430.22). As spec-
ified in ASHRAE 41.1–86 (RA 01) (incor-
porated by reference, see § 430.22), the tem-
perature sensor (wick removed) must be ac-
curate to within ±0.2 °F. If used, apply dew 
point hygrometers as specified in sections 5 
and 8 of ASHRAE Standard 41.6–94 (RA 01) 
(incorporated by reference, see § 430.22). The 
dew point hygrometers must be accurate to 
within ±0.4 °F when operated at conditions 
that result in the evaluation of dew points 
above 35 °F. If used, a relative humidity (RH) 
meter must be accurate to within ±0.7% RH. 
Other means to determine the psychrometric 
state of air may be used as long as the meas-
urement accuracy is equivalent to or better 
than the accuracy achieved from using a 
wet-bulb temperature sensor that meets the 
above specifications. 

2.5.7 Air damper box performance require-
ments. If used (see section 2.5), the air damp-

er box(es) must be capable of being com-
pletely opened or completely closed within 
10 seconds for each action. 

2.6 Airflow measuring apparatus. a. Fab-
ricate and operate an Air Flow Measuring 
Apparatus as specified in section 6.6 of 
ASHRAE Standard 116–95 (RA05) (incor-
porated by reference, see § 430.22). Refer to 
Figure 12 of ASHRAE Standard 51–99/AMCA 
Standard 210–99 (incorporated by reference, 
see § 430.22) or Figure 14 of ASHRAE Stand-
ard 41.2–87 (RA 92) (incorporated by ref-
erence, see § 430.22) for guidance on placing 
the static pressure taps and positioning the 
diffusion baffle (settling means) relative to 
the chamber inlet. 

b. Connect the airflow measuring appa-
ratus to the interconnecting duct section de-
scribed in section 2.5.4. See sections 6.1.1, 
6.1.2, and 6.1.4, and Figures 1, 2, and 4 of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22), and Figures D1, D2, 
and D4 of ARI Standard 210/240–2006 (incor-
porated by reference, see § 430.22) for illus-
trative examples of how the test apparatus 
may be applied within a complete laboratory 
set-up. Instead of following one of these ex-
amples, an alternative set-up may be used to 
handle the air leaving the airflow measuring 
apparatus and to supply properly condi-
tioned air to the test unit’s inlet. The alter-
native set-up, however, must not interfere 
with the prescribed means for measuring air-
flow rate, inlet and outlet air temperatures, 
inlet and outlet water vapor contents, and 
external static pressures, nor create abnor-
mal conditions surrounding the test unit. 
(Note: Do not use an enclosure as described 
in section 6.1.3 of ASHRAE Standard 37–2005 
(incorporated by reference, see § 430.22) when 
testing triple-split units.) 

2.7 Electrical voltage supply. Perform all 
tests at the voltage specified in section 
6.1.3.2 of ARI Standard 210/240–2006 (incor-
porated by reference, see § 430.22) for ‘‘Stand-
ard Rating Tests.’’ Measure the supply volt-
age at the terminals on the test unit using a 
volt meter that provides a reading that is ac-
curate to within ±1.0 percent of the measured 
quantity. 

2.8 Electrical power and energy measure-
ments. a. Use an integrating power (watt- 
hour) measuring system to determine the 
electrical energy or average electrical power 
supplied to all components of the air condi-
tioner or heat pump (including auxiliary 
components such as controls, transformers, 
crankcase heater, integral condensate pump 
on non-ducted indoor units, etc.). The watt- 
hour measuring system must give readings 
that are accurate to within ±0.5 percent. For 
cyclic tests, this accuracy is required during 
both the ON and OFF cycles. Use either two 
different scales on the same watt-hour meter 
or two separate watt-hour meters. Activate 
the scale or meter having the lower power 
rating within 15 seconds after beginning an 
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OFF cycle. Activate the scale or meter hav-
ing the higher power rating active within 15 
seconds prior to beginning an ON cycle. For 
ducted units tested with a fan installed, the 
ON cycle lasts from compressor ON to indoor 
fan OFF. For ducted units tested without an 
indoor fan installed, the ON cycle lasts from 
compressor ON to compressor OFF. For non- 
ducted units, the ON cycle lasts from indoor 
fan ON to indoor fan OFF. When testing air 
conditioners and heat pumps having a vari-
able-speed compressor, avoid using an induc-
tion watt/watt-hour meter. 

b. When performing section 3.5 and/or 3.8 
cyclic tests on non-ducted units, provide in-
strumentation to determine the average 
electrical power consumption of the indoor 
fan motor to within ±1.0 percent. If required 
according to sections 3.3, 3.4, 3.7, 3.9.1, and/or 
3.10, this same instrumentation requirement 
applies when testing air conditioners and 
heat pumps having a variable-speed con-
stant-air-volume-rate indoor fan or a vari-
able-speed, variable-air-volume-rate indoor 
fan. 

2.9 Time measurements. Make elapsed time 
measurements using an instrument that 
yields readings accurate to within ±0.2 per-
cent. 

2.10 Test apparatus for the secondary space 
conditioning capacity measurement. For all 
tests, use the Indoor Air Enthalpy Method to 
measure the unit’s capacity. This method 
uses the test set-up specified in sections 2.4 
to 2.6. In addition, for all steady-state tests, 
conduct a second, independent measurement 
of capacity as described in section 3.1.1. For 
split systems, use one of the following sec-
ondary measurement methods: Outdoor Air 
Enthalpy Method, Compressor Calibration 
Method, or Refrigerant Enthalpy Method. 
For single packaged units, use either the 
Outdoor Air Enthalpy Method or the Com-
pressor Calibration Method as the secondary 
measurement. 

2.10.1 Outdoor Air Enthalpy Method. a. To 
make a secondary measurement of indoor 
space conditioning capacity using the Out-
door Air Enthalpy Method, do the following: 

(1) Measure the electrical power consump-
tion of the test unit; 

(2) Measure the air-side capacity at the 
outdoor coil; and 

(3) Apply a heat balance on the refrigerant 
cycle. 

b. The test apparatus required for the Out-
door Air Enthalpy Method is a subset of the 
apparatus used for the Indoor Air Enthalpy 
Method. Required apparatus includes the fol-
lowing: 

(1) An outlet plenum containing static 
pressure taps (sections 2.4, 2.4.1, and 2.5.3), 

(2) An airflow measuring apparatus (sec-
tion 2.6), 

(3) A duct section that connects these two 
components and itself contains the instru-
mentation for measuring the dry-bulb tem-

perature and water vapor content of the air 
leaving the outdoor coil (sections 2.5.4, 2.5.5, 
and 2.5.6), and 

(4) On the inlet side, a sampling device and 
optional temperature grid (sections 2.5 and 
2.5.2). 

c. During the preliminary tests described 
in sections 3.11.1 and 3.11.1.1, measure the 
evaporator and condenser temperatures or 
pressures. On both the outdoor coil and the 
indoor coil, solder a thermocouple onto a re-
turn bend located at or near the midpoint of 
each coil or at points not affected by vapor 
superheat or liquid subcooling. Alter-
natively, if the test unit is not sensitive to 
the refrigerant charge, connect pressure 
gages to the access valves or to ports created 
from tapping into the suction and discharge 
lines. Use this alternative approach when 
testing a unit charged with a zeotropic re-
frigerant having a temperature glide in ex-
cess of 1 °F at the specified test conditions. 

2.10.2 Compressor Calibration Method. 
Measure refrigerant pressures and tempera-
tures to determine the evaporator superheat 
and the enthalpy of the refrigerant that en-
ters and exits the indoor coil. Determine re-
frigerant flow rate or, when the superheat of 
the refrigerant leaving the evaporator is less 
than 5 °F, total capacity from separate cali-
bration tests conducted under identical oper-
ating conditions. When using this method, 
install instrumentation, measure refrigerant 
properties, and adjust the refrigerant charge 
according to section 7.4.2 of ASHRAE Stand-
ard 37–2005 (incorporated by reference, see 
§ 430.22). Use refrigerant temperature and 
pressure measuring instruments that meet 
the specifications given in sections 5.1.1 and 
5.2 of ASHRAE Standard 37–2005 (incor-
porated by reference, see § 430.22). 

2.10.3 Refrigerant Enthalpy Method. For 
this method, calculate space conditioning 
capacity by determining the refrigerant en-
thalpy change for the indoor coil and di-
rectly measuring the refrigerant flow rate. 
Use section 7.5.2 of ASHRAE Standard 37– 
2005 (incorporated by reference, see § 430.22) 
for the requirements for this method, includ-
ing the additional instrumentation require-
ments, and information on placing the flow 
meter and a sight glass. Use refrigerant tem-
perature, pressure, and flow measuring in-
struments that meet the specifications given 
in sections 5.1.1, 5.2, and 5.5.1 of ASHRAE 
Standard 37–2005 (incorporated by reference, 
see § 430.22). 

2.11 Measurement of test room ambient 
conditions. a. If using a test set-up where air 
is ducted directly from the conditioning ap-
paratus to the indoor coil inlet (see Figure 2, 
Loop Air-Enthalpy Test Method Arrange-
ment, of ASHRAE Standard 37–2005 (incor-
porated by reference, see § 430.22)), add in-
strumentation to permit measurement of the 
indoor test room dry-bulb temperature. 
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b. If the Outdoor Air Enthalpy Method is 
not used, add instrumentation to measure 
the dry-bulb temperature and the water 
vapor content of the air entering the outdoor 
coil. If an air sampling device is used, con-
struct and apply the device as per section 6 
of ASHRAE Standard 41.1–86 (RA 01) (incor-
porated by reference, see § 430.22). Take steps 
(e.g., add or re-position a lab circulating fan), 
as needed, to minimize the magnitude of the 
temperature distribution non-uniformity. 
Position any fan in the outdoor test room 
while trying to keep air velocities in the vi-
cinity of the test unit below 500 feet per 
minute. 

c. Measure dry bulb temperatures as speci-
fied in sections 4, 5, 6.1–6.10, 9, 10, and 11 of 
ASHRAE Standard 41.1–86 (RA 01) (incor-
porated by reference, see § 430.22). Measure 
water vapor content as stated above in sec-
tion 2.5.6. 

2.12 Measurement of indoor fan speed. 
When required, measure fan speed using a 
revolution counter, tachometer, or strobo-
scope that gives readings accurate to within 
±1.0 percent. 

2.13 Measurement of barometric pressure. 
Determine the average barometric pressure 
during each test. Use an instrument that 
meets the requirements specified in section 
5.2 of ASHRAE Standard 37– 
2005(incorporated by reference, see § 430.22). 

3. Testing Procedures 

3.1 General Requirements. If, during the 
testing process, an equipment set-up adjust-
ment is made that would alter the perform-
ance of the unit when conducting an already 
completed test, then repeat all tests affected 
by the adjustment. For cyclic tests, instead 
of maintaining an air volume rate, for each 
airflow nozzle, maintain the static pressure 
difference or velocity pressure during an ON 
period at the same pressure difference or ve-
locity pressure as measured during the 
steady-state test conducted at the same test 
conditions. 

3.1.1 Primary and secondary test methods. 
For all tests, use the Indoor Air Enthalpy 
Method test apparatus to determine the 
unit’s space conditioning capacity. The pro-
cedure and data collected, however, differ 
slightly depending upon whether the test is a 
steady-state test, a cyclic test, or a frost ac-
cumulation test. The following sections de-
scribed these differences. For all steady- 
state tests (i.e., the A, A2, A1, B, B2, B1, C, C1, 
EV, F1, G1, H01, H1, H12, H11, HIN, H3, H32, and 
H31 Tests), in addition, use one of the accept-
able secondary methods specified in section 
2.10 to determine indoor space conditioning 
capacity. Calculate this secondary check of 
capacity according to section 3.11. The two 
capacity measurements must agree to within 
6 percent to constitute a valid test. For this 
capacity comparison, use the Indoor Air En-
thalpy Method capacity that is calculated in 

section 7.3 of ASHRAE Standard 37–2005 (in-
corporated by reference, see § 430.22) (and, if 
testing a coil-only unit, do not make the 
after-test fan heat adjustments described in 
section 3.3, 3.4, 3.7, and 3.10 of this appendix). 
However, include the appropriate section 3.3 
to 3.5 and 3.7 to 3.10 fan heat adjustments 
within the Indoor Air Enthalpy Method ca-
pacities used for the section 4 seasonal cal-
culations. 

3.1.2 Manufacturer-provided equipment 
overrides. Where needed, the manufacturer 
must provide a means for overriding the con-
trols of the test unit so that the com-
pressor(s) operates at the specified speed or 
capacity and the indoor fan operates at the 
specified speed or delivers the specified air 
volume rate. 

3.1.3 Airflow through the outdoor coil. For 
all tests, meet the requirements given in sec-
tion 6.1.3.4 of ARI Standard 210/240– 
2006(incorporated by reference, see § 430.22) 
when obtaining the airflow through the out-
door coil. 

3.1.4 Airflow through the indoor coil. 
3.1.4.1 Cooling Full-load Air Volume Rate. 
3.1.4.1.1 Cooling Full-Load Air Volume 

Rate for Ducted Units. The manufacturer 
must specify the Cooling Full-load Air Vol-
ume Rate. Use this value as long as the fol-
lowing two requirements are satisfied. First, 
when conducting the A or A2 Test (exclu-
sively), the measured air volume rate, when 
divided by the measured indoor air-side total 
cooling capacity must not exceed 37.5 cubic 
feet per minute of standard air (scfm) per 
1000 Btu/h. If this ratio is exceeded, reduce 
the air volume rate until this ratio is 
equaled. Use this reduced air volume rate for 
all tests that call for using the Cooling Full- 
load Air Volume Rate. The second require-
ment is as follows: 

a. For all ducted units tested with an in-
door fan installed, except those having a 
variable-speed, constant-air-volume-rate in-
door fan. The second requirement applies ex-
clusively to the A or A2 Test and is met as 
follows. 

1. Achieve the Cooling Full-load Air Vol-
ume Rate, determined in accordance with 
the previous paragraph; 

2. Measure the external static pressure; 
3. If this pressure is equal to or greater 

than the applicable minimum external static 
pressure cited in Table 2, this second require-
ment is satisfied. Use the current air volume 
rate for all tests that require the Cooling 
Full-load Air Volume Rate. 

4. If the Table 2 minimum is not equaled or 
exceeded, 

4a. reduce the air volume rate until the ap-
plicable Table 2 minimum is equaled or 

4b. until the measured air volume rate 
equals 95 percent of the air volume rate from 
step 1, whichever occurs first. 

5. If the conditions of step 4a occur first, 
this second requirement is satisfied. Use the 
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step 4a reduced air volume rate for all tests 
that require the Cooling Full-load Air Vol-
ume Rate. 

6. If the conditions of step 4b occur first, 
make an incremental change to the set-up of 
the indoor fan (e.g., next highest fan motor 
pin setting, next highest fan motor speed) 
and repeat the evaluation process beginning 
at above step 1. If the indoor fan set-up can-
not be further changed, reduce the air vol-
ume rate until the applicable Table 2 min-
imum is equaled. Use this reduced air vol-
ume rate for all tests that require the Cool-
ing Full-load Air Volume Rate. 

b. For ducted units that are tested with a 
variable-speed, constant-air-volume-rate in-
door fan installed.For all tests that specify 
the Cooling Full-load Air Volume Rate, ob-
tain an external static pressure as close to 
(but not less than) the applicable Table 2 
value that does not cause instability or an 
automatic shutdown of the indoor blower. 

c. For ducted units that are tested without 
an indoor fan installed. For the A or A2 Test, 
(exclusively), the pressure drop across the in-
door coil assembly must not exceed 0.30 
inches of water. If this pressure drop is ex-
ceeded, reduce the air volume rate until the 
measured pressure drop equals the specified 
maximum. Use this reduced air volume rate 
for all tests that require the Cooling Full- 
loadAir Volume Rate. 

TABLE 2—MINIMUM EXTERNAL STATIC PRES-
SURE FOR DUCTED SYSTEMS TESTED WITH AN 
INDOOR FAN INSTALLED 

Rated Cooling 1 or 
Heating 2 Capacity 

(Btu/h) 

Minimum external resistance 3 
(Inches of water) 

All other systems 
Small-duct, high- 

velocity sys-
tems 4 5 

Up Thru 28,800 ......... 0.10 1.10 
29,000 to 42,500 ....... 0.15 1.15 
43,000 and Above ..... 0.20 1.20 

1 For air conditioners and heat pumps, the value cited by 
the manufacturer in published literature for the unit’s capacity 
when operated at the A or A2 Test conditions. 

2 For heating-only heat pumps, the value the manufacturer 
cites in published literature for the unit’s capacity when oper-
ated at the H1 or H12 Test conditions. 

3 For ducted units tested without an air filter installed, in-
crease the applicable tabular value by 0.08 inch of water. 

4 See Definition 1.35 to determine if the equipment qualifies 
as a small-duct, high-velocity system. 

5 If a closed-loop, air-enthalpy test apparatus is used on the 
indoor side, limit the resistance to airflow on the inlet side of 
the indoor blower coil to a maximum value of 0.1 inch of 
water. Impose the balance of the airflow resistance on the 
outlet side of the indoor blower. 

3.1.4.1.2 Cooling Full-load Air Volume Rate 
for Non-ducted Units. For non-ducted units, 
the Cooling Full-load Air Volume Rate is the 
air volume rate that results during each test 
when the unit is operated at an external 
static pressure of zero inches of water. 

3.1.4.2 Cooling Minimum Air Volume Rate. 
a. For ducted units that regulate the speed 
(as opposed to the cfm) of the indoor fan, 

Cooling Minimum Air Vol. Rate = Cooling Full-load Air Vol. Raate
 Minimum Fan Speed

A  Fan Speed2

× Cooling

Test
,

where ‘‘Cooling Minimum Fan Speed’’ cor-
responds to the fan speed used when oper-
ating at low compressor capacity (two-ca-
pacity system), the fan speed used when op-
erating at the minimum compressor speed 
(variable-speed system), or the lowest fan 
speed used when cooling (single-speed com-
pressor and a variable-speed variable-air-vol-
ume-rate indoor fan). For such systems, ob-
tain the Cooling Minimum Air Volume Rate 
regardless of the external static pressure. 

b. For ducted units that regulate the air 
volume rate provided by the indoor fan, the 
manufacturer must specify the Cooling Min-
imum Air Volume Rate. For such systems, 
conduct all tests that specify the Cooling 
Minimum Air Volume Rate—(i.e., the A1, B1, 
C1, F1, and G1 Tests)—at an external static 
pressure that does not cause instability or 
an automatic shutdown of the indoor blower 
while being as close to, but not less than, 

A Pst A1 1 1 1 1 2
, , , , , B  C  F  & G  Test P

Cooling Minimum A
st  Δ Δ= × iir Volume Rate

Cooling Full-load Air Volume Rate

⎡

⎣
⎢

⎤

⎦
⎥

2

,

where DPst,A2 is the applicable Table 2 min-
imum external static pressure that was tar-
geted during the A2 (and B2) Test. 

c. For ducted two-capacity units that are 
tested without an indoor fan installed, the 
Cooling Minimum Air Volume Rate is the 
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higher of (1) the rate specified by the manu-
facturer or (2) 75 percent of the Cooling Full- 
load Air Volume Rate. During the laboratory 
tests on a coil-only (fanless) unit, obtain this 
Cooling Minimum Air Volume Rate regard-
less of the pressure drop across the indoor 
coil assembly. 

d. For non-ducted units, the Cooling Min-
imum Air Volume Rate is the air volume 
rate that results during each test when the 
unit operates at an external static pressure 

of zero inches of water and at the indoor fan 
setting used at low compressor capacity 
(two-capacity system) or minimum com-
pressor speed (variable-speed system). For 
units having a single-speed compressor and a 
variable-speed variable-air-volume-rate in-
door fan, use the lowest fan setting allowed 
for cooling. 

3.1.4.3 Cooling Intermediate Air Volume 
Rate. a. For ducted units that regulate the 
speed of the indoor fan, 

Cooling Intermediate Air Vol. Rate = Cooling Full-load Air Vool. Rate
Test Fan Speed

A  Fan Speed2

×
E

Test
V ,

For such units, obtain the Cooling Inter-
mediate Air Volume Rate regardless of the 
external static pressure. 

b. For ducted units that regulate the air 
volume rate provided by the indoor fan, the 
manufacturer must specify the Cooling In-

termediate Air Volume Rate. For such sys-
tems, conduct the EV Test at an external 
static pressure that does not cause insta-
bility or an automatic shutdown of the in-
door blower while being as close to, but not 
less than, 

E PV stTest P
Cooling Intermediate Air Volume Rate

Cst  A2
Δ Δ= ×, oooling Full-load Air Volume Rate

⎡

⎣
⎢

⎤

⎦
⎥

2

,

where DPst,A2 is the applicable Table 2 min-
imum external static pressure that was tar-
geted during the A2 (and B2) Test. 

c. For non-ducted units, the Cooling Inter-
mediate Air Volume Rate is the air volume 
rate that results when the unit operates at 
an external static pressure of zero inches of 
water and at the fan speed selected by the 
controls of the unit for the EV Test condi-
tions. 

3.1.4.4 Heating Full-load Air Volume Rate. 
3.1.4.4.1 Ducted heat pumps where the 

Heating and Cooling Full-load Air Volume 
Rates are the same. a. Use the Cooling Full- 
load Air Volume Rate as the Heating Full- 
loadAir Volume Rate for: 

1. Ducted heat pumps that operate at the 
same indoor fan speed during both the A (or 
A2) and the H1 (or H12) Tests; 

2. Ducted heat pumps that regulate fan 
speed to deliver the same constant air vol-
ume rate during both the A (or A2) and the 
H1 (or H12) Tests; and 

3. Ducted heat pumps that are tested with-
out an indoor fan installed (except two-ca-
pacity northern heat pumps that are tested 
only at low capacity cooling—see 3.1.4.4.2). 

b. For heat pumps that meet the above cri-
teria ‘‘1’’ and ‘‘3,’’ no minimum requirements 
apply to the measured external or internal, 
respectively, static pressure. For heat pumps 
that meet the above criterion ‘‘2,’’ test at an 
external static pressure that does not cause 
instability or an automatic shutdown of the 
indoor blower while being as close to, but 
not less than, the same Table 2 minimum ex-
ternal static pressure as was specified for the 
A (or A2) cooling mode test. 

3.1.4.4.2 Ducted heat pumps where the 
Heating and Cooling Full-loadAir Volume 
Rates are different due to indoor fan oper-
ation. a. For ducted heat pumps that regu-
late the speed (as opposed to the cfm) of the 
indoor fan, 

Heating Full-load Air Volume Rate = Cooling Full-load Air Vollume Rate
H1 or H1  Test Fan Speed

A or A  Test Fan Speed
2

2

× ,
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For such heat pumps, obtain the Heating 
Full-loadAir Volume Rate without regard to 
the external static pressure. 

b. For ducted heat pumps that regulate the 
air volume rate delivered by the indoor fan, 
the manufacturer must specify the Heating 
Full-load Air Volume Rate. For such heat 

pumps, conduct all tests that specify the 
Heating Full-load Air Volume Rate at an ex-
ternal static pressure that does not cause in-
stability or an automatic shutdown of the 
indoor blower while being as close to, but 
not less than, 

Heating Full-load P  Full-load P
Heating Full

st stΔ Δ= ×Cooling
--load Air Volume Rate

Cooling Full-load Air Volume Rate

⎡

⎣
⎢

⎤⎤

⎦
⎥

2

,

where the Cooling Certified DPst is the appli-
cable Table 2 minimum external static pres-
sure that was specified for the A or A2 Test. 

c. When testing ducted, two-capacity 
northern heat pumps (see Definition 1.46), 
use the appropriate approach of the above 
two cases for units that are tested with an 
indoor fan installed. For coil-only (fanless) 
northern heat pumps, the Heating Full-load 
Air Volume Rate is the lesser of the rate 
specified by the manufacturer or 133 percent 
of the Cooling Full-load Air Volume Rate. 
For this latter case, obtain the Heating Full- 
load Air Volume Rate regardless of the pres-
sure drop across the indoor coil assembly. 

3.1.4.4.3 Ducted heating-only heat pumps. 
The manufacturer must specify the Heating 
Full-load Air Volume Rate. 

a. For all ducted heating-only heat pumps 
tested with an indoor fan installed, except 
those having a variable-speed, constant-air- 
volume-rate indoor fan. Conduct the fol-
lowing steps only during the first test, the 
H1 or H12 Test. 

1. Achieve the Heating Full-load Air Vol-
ume Rate. 

2. Measure the external static pressure. 
3. If this pressure is equal to or greater 

than the Table 2 minimum external static 
pressure that applies given the heating-only 
heat pump’s rated heating capacity, use the 
current air volume rate for all tests that re-
quire the Heating Full-load Air Volume 
Rate. 

4. If the Table 2 minimum is not equaled or 
exceeded, 

4a. reduce the air volume rate until the ap-
plicable Table 2 minimum is equaled or 

4b. until the measured air volume rate 
equals 95 percent of the manufacturer-speci-
fied Full-load Air Volume Rate, whichever 
occurs first. 

5. If the conditions of step 4a occurs first, 
use the step 4a reduced air volume rate for 

all tests that require the Heating Full-load 
Air Volume Rate. 

6. If the conditions of step 4b occur first, 
make an incremental change to the set-up of 
the indoor fan (e.g., next highest fan motor 
pin setting, next highest fan motor speed) 
and repeat the evaluation process beginning 
at above step 1. If the indoor fan set-up can-
not be further changed, reduce the air vol-
ume rate until the applicable Table 2 min-
imum is equaled. Use this reduced air vol-
ume rate for all tests that require the Heat-
ing Full-load Air Volume Rate. 

b. For ducted heating-only heat pumps 
that are tested with a variable-speed, con-
stant-air-volume-rate indoor fan installed. 
For all tests that specify the Heating Full- 
load Air Volume Rate, obtain an external 
static pressure that does not cause insta-
bility or an automatic shutdown of the in-
door blower while being as close to, but not 
less than, the applicable Table 2 minimum. 

c. For ducted heating-only heat pumps 
that are tested without an indoor fan in-
stalled. For the H1 or H12 Test, (exclusively), 
the pressure drop across the indoor coil as-
sembly must not exceed 0.30 inches of water. 
If this pressure drop is exceeded, reduce the 
air volume rate until the measured pressure 
drop equals the specified maximum. Use this 
reduced air volume rate for all tests that re-
quire the Heating Full-load Air Volume 
Rate. 

3.1.4.4.4 Non-ducted heat pumps, including 
non-ducted heating-only heat pumps. For 
non-ducted heat pumps, the Heating Full- 
loadAir Volume Rate is the air volume rate 
that results during each test when the unit 
operates at an external static pressure of 
zero inches of water. 

3.1.4.5 Heating Minimum Air Volume Rate. 
a. For ducted heat pumps that regulate the 
speed (as opposed to the cfm) of the indoor 
fan, 

Heating Minimum Air Vol. Rate =  Full-load Air Vol. RHeating aate
 Minimum Fan Speed

H1  Fan Speed2

× Heating

Test
,
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where ‘‘Heating Minimum Fan Speed’’ cor-
responds to the fan speed used when oper-
ating at low compressor capacity (two-ca-
pacity system), the lowest fan speed used at 
any time when operating at the minimum 
compressor speed (variable-speed system), or 
the lowest fan speed used when heating (sin-
gle-speed compressor and a variable-speed 
variable-air-volume-rate indoor fan). For 
such heat pumps, obtain the Heating Min-
imum Air Volume Rate without regard to 
the external static pressure. 

b. For ducted heat pumps that regulate the 
air volume rate delivered by the indoor fan, 
the manufacturer must specify the Heating 
Minimum Air Volume Rate. For such heat 
pumps, conduct all tests that specify the 
Heating Minimum Air Volume Rate—(i.e., 
the H01, H11, H21, and H31 Tests)—at an exter-
nal static pressure that does not cause insta-
bility or an automatic shutdown of the in-
door blower while being as close to, but not 
less than, 

H H H H
H

0 1 2 31 1 1 1, , , ,    Test P = P
tg Minimum Air Vo

st st, H12
Δ Δ × ll. Rate

Htg Full-load Air Vol. Rate
, 

2
⎡

⎣
⎢

⎤

⎦
⎥

where Pst HΔ , 12

is the minimum external static pressure that 
was targeted during the H12 Test. 

c. For ducted two-capacity northern heat 
pumps that are tested with an indoor fan in-
stalled, use the appropriate approach of the 
above two cases. 

d. For ducted two-capacity heat pumps 
that are tested without an indoor fan in-
stalled, use the Cooling Minimum Air Vol-
ume Rate as the Heating Minimum Air Vol-
ume Rate. For ducted two-capacity northern 
heat pumps that are tested without an in-
door fan installed, use the Cooling Full-load 
Air Volume Rate as the Heating Minimum 
Air Volume Rate. For ducted two-capacity 
heating-only heat pumps that are tested 
without an indoor fan installed, the Heating 
Minimum Air Volume Rate is the higher of 
the rate specified by the manufacturer or 75 

percent of the Heating Full-load Air Volume 
Rate. During the laboratory tests on a coil- 
only (fanless) unit, obtain the Heating Min-
imum Air Volume Rate without regard to 
the pressure drop across the indoor coil as-
sembly. 

e. For non-ducted heat pumps, the Heating 
Minimum Air Volume Rate is the air volume 
rate that results during each test when the 
unit operates at an external static pressure 
of zero inches of water and at the indoor fan 
setting used at low compressor capacity 
(two-capacity system) or minimum com-
pressor speed (variable-speed system). For 
units having a single-speed compressor and a 
variable-speed, variable-air-volume-rate in-
door fan, use the lowest fan setting allowed 
for heating. 

3.1.4.6 Heating Intermediate Air Volume 
Rate. a. For ducted heat pumps that regulate 
the speed of the indoor fan, 

Heating Intermediate Air Volume Rate = ing Full-load AirHeat   Volume Rate
Test Fan Speed

Test Fan Speed
×

H

H
V2

12

,

For such heat pumps, obtain the Heating 
Intermediate Air Volume Rate without re-
gard to the external static pressure. 

b. For ducted heat pumps that regulate the 
air volume rate delivered by the indoor fan, 
the manufacturer must specify the Heating 

Intermediate Air Volume Rate. For such 
heat pumps, conduct the H2V Test at an ex-
ternal static pressure that does not cause in-
stability or an automatic shutdown of the 
indoor blower while being as close to, but 
not less than, 

H PV st2  Test P
Heating Intermediate Air Volume Rat

st  H12
Δ Δ , × ee

Heating Full-load Air Volume Rate

⎡

⎣
⎢

⎤

⎦
⎥

2

,
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where Pst HΔ , 12

is the minimum external static pressure that 
was specified for the H12 Test. 

c. For non-ducted heat pumps, the Heating 
Intermediate Air Volume Rate is the air vol-
ume rate that results when the heat pump 
operates at an external static pressure of 
zero inches of water and at the fan speed se-
lected by the controls of the unit for the H2V 
Test conditions. 

3.1.4.7 Heating Nominal Air Volume Rate. 
Except for the noted changes, determine the 
Heating Nominal Air Volume Rate using the 
approach described in section 3.1.4.6. Re-
quired changes include substituting ‘‘H1N 
Test’’ for H2V Test’’ within the first section 
3.1.4.6 equation, substituting ‘‘H1N Test DPst’’ 
for ‘‘H2V Test DPst’’ in the second section 
3.1.4.6 equation, substituting ‘‘H1N Test’’ for 
each ‘‘H2V Test’’, and substituting ‘‘Heating 
Nominal Air Volume Rate’’ for each ‘‘Heat-
ing Intermediate Air Volume Rate.’’ 

Heating Nominal Air Volume Rate = Heating Full-load Air Volumme Rate
H1 Test Fan Speed

H1 Test Fan Speed
N

2

× ,

H PN st1  Test P
Heating Nominal  Air Volume Rate

Hest  H12
Δ Δ= ×, aating Full-load Air Volume Rate

⎡

⎣
⎢

⎤

⎦
⎥

2

,

3.1.5 Indoor test room requirement when 
the air surrounding the indoor unit is not 
supplied from the same source as the air en-
tering the indoor unit. If using a test set-up 
where air is ducted directly from the air re-
conditioning apparatus to the indoor coil 
inlet (see Figure 2, Loop Air-Enthalpy Test 
Method Arrangement, of ASHRAE Standard 
37–2005) (incorporated by reference, see 
§ 430.22), maintain the dry bulb temperature 
within the test room within ±5.0 °F of the ap-
plicable sections 3.2 and 3.6 dry bulb tem-

perature test condition for the air entering 
the indoor unit. 

3.1.6 Air volume rate calculations. For all 
steady-state tests and for frost accumulation 
(H2, H21, H22, H2V) tests, calculate the air 
volume rate through the indoor coil as speci-
fied in sections 7.7.2.1 and 7.7.2.2 of ASHRAE 
Standard 37–2005 (incorporated by reference, 
see § 430.22). When using the Outdoor Air En-
thalpy Method, follow sections 7.7.2.1 and 
7.7.2.2 to calculate the air volume rate 
through the outdoor coil. To express air vol-
ume rates in terms of standard air, use: 

˙
˙

.

˙

.
( )V

V
lbm

ft
v W

V
lbm

ft
v

s
mx

da
n n

mx

da
n

=
⋅ ⋅ +[ ]

=
⋅0 075 1 0 075

3 1

3 3
'

-

where, 

V
Ô

s = air volume rate of standard (dry) air, 
(ft3/min)da 

V
Ô

mx = air volume rate of the air-water vapor 
mixture, (ft3/min)mx 

vn′ = specific volume of air-water vapor mix-
ture at the nozzle, ft3 per lbm of the air- 
water vapor mixture 

Wn = humidity ratio at the nozzle, lbm of 
water vapor per lbm of dry air 

0.075 = the density associated with standard 
(dry) air, (lbm/ft3) 

vn = specific volume of the dry air portion of 
the mixture evaluated at the dry-bulb 
temperature, vapor content, and baro-
metric pressure existing at the nozzle, ft3 
per lbm of dry air. 

(Note: In the first printing of ASHRAE 
Standard 37–2005, the second IP equation for 
Qmi should read, 

1097CA P vn v n′ .)* * *
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3.1.7 Test sequence. When testing a ducted 
unit (except if a heating-only heat pump), 
conduct the A or A2 Test first to establish 
the Cooling Full-load Air Volume Rate. For 
ducted heat pumps where the Heating and 
Cooling Full-loadAir Volume Rates are dif-
ferent, make the first heating mode test one 
that requires the Heating Full-load Air Vol-
ume Rate. For ducted heating-only heat 
pumps, conduct the H1 or H12 Test first to es-
tablish the Heating Full-load Air Volume 
Rate. When conducting an optional cyclic 
test, always conduct it immediately after 
the steady-state test that requires the same 
test conditions. For variable-speed systems, 
the first test using the Cooling Minimum Air 
Volume Rate should precede the EV Test if 
one expects to adjust the indoor fan control 
options when preparing for the first Min-
imum Air Volume Rate test. Under the same 
circumstances, the first test using the Heat-
ing Minimum Air Volume Rate should pre-
cede the H2V Test. The test laboratory 
makes all other decisions on the test se-
quence. 

3.1.8 Requirement for the air temperature 
distribution leaving the indoor coil. For at 
least the first cooling mode test and the first 
heating mode test, monitor the temperature 
distribution of the air leaving the indoor coil 
using the grid of individual sensors described 
in sections 2.5 and 2.5.4. For the 30-minute 
data collection interval used to determine 
capacity, the maximum spread among the 
outlet dry bulb temperatures from any data 
sampling must not exceed 1.5 °F. Install the 
mixing devices described in section 2.5.4.2 to 
minimize the temperature spread. 

3.1.9 Control of auxiliary resistive heating 
elements. Except as noted, disable heat 
pump resistance elements used for heating 

indoor air at all times, including during de-
frost cycles and if they are normally regu-
lated by a heat comfort controller. For heat 
pumps equipped with a heat comfort con-
troller, enable the heat pump resistance ele-
ments only during the below-described, short 
test. For single-speed heat pumps covered 
under section 3.6.1, the short test follows the 
H1 or, if conducted, the H1C Test. For two- 
capacity heat pumps and heat pumps covered 
under section 3.6.2, the short test follows the 
H12 Test. Set the heat comfort controller to 
provide the maximum supply air tempera-
ture. With the heat pump operating and 
while maintaining the Heating Full-loadAir 
Volume Rate, measure the temperature of 
the air leaving the indoor-side beginning 5 
minutes after activating the heat comfort 
controller. Sample the outlet dry-bulb tem-
perature at regular intervals that span 5 
minutes or less. Collect data for 10 minutes, 
obtaining at least 3 samples. Calculate the 
average outlet temperature over the 10- 
minute interval, TCC. 

3.2 Cooling mode tests for different types of 
air conditioners and heat pumps. 

3.2.1 Tests for a unit having a single-speed 
compressor that is tested with a fixed-speed 
indoor fan installed, with a constant-air-vol-
ume-rate indoor fan installed, or with no in-
door fan installed. Conduct two steady-state 
wet coil tests, the A and B Tests. Use the 
two optional dry-coil tests, the steady-state 
C Test and the cyclic D Test, to determine 
the cooling mode cyclic degradation coeffi-
cient, CD

c. If the two optional tests are con-
ducted but yield a tested CD

c that exceeds 
the default CD

c or if the two optional tests 
are not conducted, assign CD

c the default 
value of 0.25. Table 3 specifies test conditions 
for these four tests. 

TABLE 3—COOLING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR AND 
A FIXED-SPEED INDOOR FAN, A CONSTANT AIR VOLUME RATE INDOOR FAN, OR NO INDOOR FAN 

Test description 

Air entering indoor 
unit temperature (°F) 

Air entering outdoor 
unit temperature (°F) Cooling air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

A Test—required (steady, wet coil) ..................... 80 67 95 1 75 Cooling full-load 2 
B Test—required (steady, wet coil) ..................... 80 67 82 1 65 Cooling full-load 2 
C Test—optional (steady, dry coil) ...................... 80 (3) 82 ................ Cooling full-load 2 
D Test—optional (cyclic, dry coil) ........................ 80 (3) 82 ................ (4) 

1 The specified test condition only applies if the unit rejects condensate to the outdoor coil. 
2 Defined in section 3.1.4.1. 
3 The entering air must have a low enough moisture content so no condensate forms on the indoor coil. (It is recommended 

that an indoor wet-bulb temperature of 57 °F or less be used.) 
4 Maintain the airflow nozzles static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the C Test. 

3.2.2 Tests for a unit having a single-speed 
compressor and a variable-speed variable-air- 
volume-rate indoor fan installed. 

3.2.2.1 Indoor fan capacity modulation that 
correlates with the outdoor dry bulb tem-
perature. Conduct four steady-state wet coil 

tests: The A2, A1 , B2, and B1 Tests. Use the 
two optional dry-coil tests, the steady-state 
C1 Test and the cyclic D1 Test, to determine 
the cooling mode cyclic degradation coeffi-
cient, CD

c. If the two optional tests are con-
ducted but yield a tested CD

c that exceeds 
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the default CD
c or if the two optional tests 

are not conducted, assign CD
c the default 

value of 0.25 
3.2.2.2 Indoor fan capacity modulation 

based on adjusting the sensible to total (S/T) 
cooling capacity ratio. The testing require-
ments are the same as specified in section 

3.2.1 and Table 3. Use a Cooling Full-load Air 
Volume Rate that represents a normal resi-
dential installation. If performed, conduct 
the steady-state C Test and the cyclic D Test 
with the unit operating in the same S/T ca-
pacity control mode as used for the B Test. 

TABLE 4—COOLING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR AND 
A VARIABLE AIR VOLUME RATE INDOOR FAN THAT CORRELATES WITH THE OUTDOOR DRY BULB 
TEMPERATURE (SEC. 3.2.2.1) 

Test description 

Air entering indoor unit 
temperature (°F) 

Air entering outdoor unit 
temperature (°F) Cooling air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

A2 Test—required (steady, wet coil) ...... 80 67 95 1 75 Cooling full-load 2 
A1 Test—required (steady, wet coil) ...... 80 67 95 1 75 Cooling minimum 3 
B2 Test—required (steady, wet coil) ...... 80 67 82 1 65 Cooling full-load 2 
B1 Test—required (steady, wet coil) ...... 80 67 82 1 65 Cooling minimum 3 
C1 Test 4—optional (steady, dry coil) ..... 80 (4) 82 .................. Cooling minimum 3 
D1 Test 4—optional (cyclic, dry coil) ....... 80 (4) 82 (5) 

1 The specified test condition only applies if the unit rejects condensate to the outdoor coil. 
2 Defined in section 3.1.4.1. 
3 Defined in section 3.1.4.2. 
4 The entering air must have a low enough moisture content so no condensate forms on the indoor coil. (It is recommended 

that an indoor wet-bulb temperature of 57 °F or less be used.) 
5 Maintain the airflow nozzles static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the C1 Test. 

3.2.3 Tests for a unit having a two-capacity 
compressor. (See Definition 1.45.) a. Conduct 
four steady-state wet coil tests: the A2, B2, 
B1, and F1 Tests. Use the two optional dry- 
coil tests, the steady-state C1 Test and the 
cyclic D1 Test, to determine the cooling- 
mode cyclic-degradation coefficient, CD

c. If 
the two optional tests are conducted but 
yield a tested CD

c that exceeds the default 
CD

c or if the two optional tests are not con-
ducted, assign CD

c the default value of 0.25. 
Table 5 specifies test conditions for these six 
tests. 

b. For units having a variable speed indoor 
fan that is modulated to adjust the sensible 
to total (S/T) cooling capacity ratio, use 
Cooling Full-load and Cooling Minimum Air 
Volume Rates that represent a normal resi-
dential installation. Additionally, if con-
ducting the optional dry-coil tests, operate 
the unit in the same S/T capacity control 
mode as used for the B1 Test. 

c. Test two-capacity, northern heat pumps 
(see Definition 1.46) in the same way as a sin-
gle speed heat pump with the unit operating 
exclusively at low compressor capacity (see 
section 3.2.1 and Table 3). 

d. If a two-capacity air conditioner or heat 
pump locks out low-capacity operation at 
higher outdoor temperatures, then use the 
two optional dry-coil tests, the steady-state 
C2 Test and the cyclic D2 Test, to determine 
the cooling-mode cyclic-degradation coeffi-
cient that only applies to on/off cycling from 
high capacity, CD

c(k=2). If the two optional 
tests are conducted but yield a tested 
CD

c(k=2) that exceeds the default CD
c(k=2) or 

if the two optional tests are not conducted, 
assign CD

c(k=2) the default value. The de-
fault CD

c(k=2) is the same value as deter-
mined or assigned for the low-capacity cy-
clic-degradation coefficient, CD

c [or equiva-
lently, CD

c(k=1)]. 

TABLE 5—COOLING MODE TEST CONDITIONS FOR UNITS HAVING A TWO-CAPACITY COMPRESSOR 

Test description 

Air entering indoor 
unit temperature (°F) 

Air entering outdoor unit 
temperature (°F) Compressor capacity Cooling air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

A2 Test—required ...........
(steady, wet coil) 

80 67 95 1 75 High ........................... Cooling Full-Load. 2 

B2 Test—required ...........
(steady, wet coil) 

80 67 82 1 65 High ........................... Cooling Full-Load. 2 

B1 Test—required ...........
(steady, wet coil) 

80 67 82 1 65 Low ............................ Cooling Minimum. 3 

C2 Test—optional ...........
(steady, dry-coil) 

80 (4) 82 High Cooling Full-Load. 2.

D2 Test—optional ...........
(cyclic, dry-coil) 

80 (4) 82 High (5).
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TABLE 5—COOLING MODE TEST CONDITIONS FOR UNITS HAVING A TWO-CAPACITY COMPRESSOR— 
Continued 

Test description 

Air entering indoor 
unit temperature (°F) 

Air entering outdoor unit 
temperature (°F) Compressor capacity Cooling air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

C1 Test—optional ...........
(steady, dry-coil) 

80 (4) 82 Low Cooling Minimum. 3.

D1 Test—optional ...........
(cyclic, dry-coil) 

80 (4) 82 Low (6).

F1 Test—required ...........
(steady, wet coil) 

80 67 67 1 53 .5 Low ............................ Cooling Minimum. 3 

1 The specified test condition only applies if the unit rejects condensate to the outdoor coil. 
2 Defined in section 3.1.4.1. 
3 Defined in section 3.1.4.2. 
4 The entering air must have a low enough moisture content so no condensate forms on the indoor coil. DOE recommends 

using an indoor air wet-bulb temperature of 57 °F or less. 
5 Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure or 

velocity as measured during the C2 Test. 
6 Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure or 

velocity as measured during the C1 Test. 

3.2.4 Tests for a unit having a variable- 
speed compressor. a. Conduct five steady- 
state wet coil tests: The A2, EV, B2, B1, and 
F1 Tests. Use the two optional dry-coil tests, 
the steady-state G1 Test and the cyclic I1 
Test, to determine the cooling mode cyclic 
degradation coefficient,CD

c. If the two op-

tional tests are conducted but yield a tested 
CD

c that exceeds the default CD
c or if the two 

optional tests are not conducted, assign CD
c 

the default value of 0.25.Table 6 specifies test 
conditions for these seven tests. Determine 
the intermediate compressor speed cited in 
Table 6 using: 

Intermediate speed = Minimum speed +  
Maximum speed  Minimum speed

3

−

where a tolerance of plus 5 percent or the 
next higher inverter frequency step from 
that calculated is allowed. 

b. For units that modulate the indoor fan 
speed to adjust the sensible to total (S/T) 
cooling capacity ratio, use Cooling Full-load, 
Cooling Intermediate, and Cooling Minimum 
Air Volume Rates that represent a normal 
residential installation. Additionally, if con-
ducting the optional dry-coil tests, operate 
the unit in the same S/T capacity control 
mode as used for the F1 Test. 

c. For multiple-split air conditioners and 
heat pumps (except where noted), the fol-
lowing procedures supersede the above re-
quirements: For all Table 6 tests specified 

for a minimum compressor speed, at least 
one indoor unit must be turned off. The man-
ufacturer shall designate the particular in-
door unit(s) that is turned off. The manufac-
turer must also specify the compressor speed 
used for the Table 6 EV Test, a cooling-mode 
intermediate compressor speed that falls 
within 1⁄4 and 3⁄4 of the difference between the 
maximum and minimum cooling-mode 
speeds. The manufacturer should prescribe 
an intermediate speed that is expected to 
yield the highest EER for the given EV Test 
conditions and bracketed compressor speed 
range. The manufacturer can designate that 
one or more indoor units are turned off for 
the EV Test. 

TABLE 6—COOLING MODE TEST CONDITION FOR UNITS HAVING A VARIABLE-SPEED COMPRESSOR 

Test description 

Air entering indoor 
unit temperature (°F) 

Air entering outdoor unit 
temperature (°F) Compressor speed Cooling air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

A2 Test—required ...........
(steady, wet coil) 

80 67 95 1 75 Maximum ................... Cooling Full-Load 2 

B2 Test—required ...........
(steady, wet coil) 

80 67 82 1 65 Maximum ................... Cooling Full-Load 2 

EV Test—required ..........
(steady, wet coil) 

80 67 87 1 69 Intermediate ............... Cooling Intermediate 3 
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TABLE 6—COOLING MODE TEST CONDITION FOR UNITS HAVING A VARIABLE-SPEED COMPRESSOR— 
Continued 

Test description 

Air entering indoor 
unit temperature (°F) 

Air entering outdoor unit 
temperature (°F) Compressor speed Cooling air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

B1 Test—required ...........
(steady, wet coil) 

80 67 82 1 65 Minimum .................... Cooling Minimum 4 

F1 Test—required ...........
(steady, wet coil) 

80 67 67 1 53 .5 Minimum .................... Cooling Minimum 4 

G1 Test 5—optional .........
(steady, dry-coil) 

80 (6) 67 Minimum Cooling Minimum 4.

I1 Test 5—optional ..........
(cyclic, dry-coil) 

80 (6) 67 Minimum (6).

1 The specified test condition only applies if the unit rejects condensate to the outdoor coil. 
2 Defined in section 3.1.4.1. 
3 Defined in section 3.1.4.3. 
4 Defined in section 3.1.4.2. 
5 The entering air must have a low enough moisture content so no condensate forms on the indoor coil. DOE recommends 

using an indoor air wet bulb temperature of 57 °F or less. 
6 Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the G1 Test. 

3.3 Test procedures for steady-state wet 
coil cooling mode tests (the A, A2, A1, B, B2, 
B1, EV, and F1 Tests). a. For the pretest in-
terval, operate the test room reconditioning 
apparatus and the unit to be tested until 
maintaining equilibrium conditions for at 
least 30 minutes at the specified section 3.2 
test conditions. Use the exhaust fan of the 
airflow measuring apparatus and, if in-
stalled, the indoor fan of the test unit to ob-
tain and then maintain the indoor air vol-
ume rate and/or external static pressure 
specified for the particular test. Continu-
ously record (see Definition 1.15): 

(1) The dry-bulb temperature of the air en-
tering the indoor coil, 

(2) The water vapor content of the air en-
tering the indoor coil, 

(3) The dry-bulb temperature of the air en-
tering the outdoor coil, and 

(4) For the section 2.2.4 cases where its 
control is required, the water vapor content 
of the air entering the outdoor coil. 

Refer to section 3.11 for additional require-
ments that depend on the selected secondary 
test method. 

b. After satisfying the pretest equilibrium 
requirements, make the measurements spec-
ified in Table 3 of ASHRAE Standard 37–2005 
(incorporated by reference, see § 430.22) for 
the Indoor Air Enthalpy method and the 
user-selected secondary method. Except for 
external static pressure, make the Table 3 
measurements at equal intervals that span 
10 minutes or less. Measure external static 
pressure every 5 minutes or less. Continue 
data sampling until reaching a 30-minute pe-
riod (e.g., four consecutive 10-minute sam-
ples) where the test tolerances specified in 
Table 7 are satisfied. For those continuously 
recorded parameters, use the entire data set 

from the 30-minute interval to evaluate 
Table 7 compliance. Determine the average 
electrical power consumption of the air con-
ditioner or heat pump over the same 30- 
minute interval. 

c. Calculate indoor-side total cooling ca-
pacity as specified in sections 7.3.3.1 and 
7.3.3.3 of ASHRAE Standard 37–2005 (incor-
porated by reference, see § 430.22). Do not ad-
just the parameters used in calculating ca-
pacity for the permitted variations in test 
conditions. Evaluate air enthalpies based on 
the measured barometric pressure. Assign 
the average total space cooling capacity and 
electrical power consumption over the 30- 
minute data collection interval to the vari-
ables Q̇c

k(T) and Ėc
k(T), respectively. For 

these two variables, replace the ‘‘T’’ with the 
nominal outdoor temperature at which the 
test was conducted. The superscript k is used 
only when testing multi-capacity units. Use 
the superscript k=2 to denote a test with the 
unit operating at high capacity or maximum 
speed, k=1 to denote low capacity or min-
imum speed, and k=v to denote the inter-
mediate speed. 

d. For units tested without an indoor fan 
installed, decrease Q̇c

k(T) by 

1250 Btu/h

1000 scfm
⋅ ˙ ,Vs

and increase Ėc
k(T) by, 

365 W

1000 scfm
⋅ ˙ ,Vs

where V
Ô

s is the average measured indoor air 
volume rate expressed in units of cubic feet 
per minute of standard air (scfm). 
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TABLE 7—TEST OPERATING AND TEST CONDITION TOLERANCES FOR SECTION 3.3 STEADY-STATE 
WET COIL COOLING MODE TESTS AND SECTION 3.4 DRY COIL COOLING MODE TESTS 

Test operating tolerance 1 Test condition tolerance 2 

Indoor dry-bulb, °F 
Entering temperature .............................................................. 2 .0 0 .5 
Leaving temperature ............................................................... 2 .0 

Indoor wet-bulb, °F 
Entering temperature .............................................................. 1 .0 3 0 .3 
Leaving temperature ............................................................... 3 1 .0 

Outdoor dry-bulb, °F 
Entering temperature .............................................................. 2 .0 0 .5 
Leaving temperature ............................................................... 4 2 .0 

Outdoor wet-bulb, °F 
Entering temperature .............................................................. 1 .0 5 0 .3 
Leaving temperature ............................................................... 4 1 .0 

External resistance to airflow, inches of water ..................................... 0 .05 6 0 .02 
Electrical voltage, % of rdg. .................................................................. 2 .0 1 .5 
Nozzle pressure drop, % of rdg. ........................................................... 2 .0 

1 See Definition 1.41. 
2 See Definition 1.40. 
3 Only applies during wet coil tests; does not apply during steady-state, dry coil cooling mode tests. 
4 Only applies when using the Outdoor Air Enthalpy Method. 
5 Only applies during wet coil cooling mode tests where the unit rejects condensate to the outdoor coil. 
6 Only applies when testing non-ducted units. 

d. For air conditioners and heat pumps 
having a constant-air-volume-rate indoor 
fan, the five additional steps listed below are 
required if the average of the measured ex-
ternal static pressures exceeds the applicable 
sections 3.1.4 minimum (or target) external 
static pressure (DPmin) by 0.03 inches of water 
or more. 

1. Measure the average power consumption 
of the indoor fan motor (Ėfan,1) and record the 
corresponding external static pressure (DP1) 
during or immediately following the 30- 
minute interval used for determining capac-
ity. 

2. After completing the 30-minute interval 
and while maintaining the same test condi-
tions, adjust the exhaust fan of the airflow 
measuring apparatus until the external stat-
ic pressure increases to approximately DP1 + 
(DP1 ¥ DPmin). 

3. After re-establishing steady readings of 
the fan motor power and external static 
pressure, determine average values for the 
indoor fan power (Ėfan,2) and the external 
static pressure (DP2) by making measure-
ments over a 5-minute interval. 

4. Approximate the average power con-
sumption of the indoor fan motor at DPmin 
using linear extrapolation: 

˙
˙ ˙

˙, ,
min ,E

E E

P P
P P Efan fan

fanfan,min =
−
−

−( ) + ⋅2 1

2 1
1 1Δ Δ

Δ Δ

5. Increase the total space cooling capac-
ity, Q̇c

k(T), by the quantity (Ėfan,1 ¥ Ėfan,min), 
when expressed on a Btu/h basis. Decrease 
the total electrical power, Ėc

k(T), by the 
same fan power difference, now expressed in 
watts. 

3.4 Test procedures for the optional steady- 
state dry-coil cooling-mode tests (the C, C1, 
C2, and G1 Tests). 

a. Except for the modifications noted in 
this section, conduct the steady-state dry 
coil cooling mode tests as specified in sec-
tion 3.3 for wet coil tests. Prior to recording 
data during the steady-state dry coil test, 
operate the unit at least one hour after 
achieving dry coil conditions. Drain the 
drain pan and plug the drain opening. There-

after, the drain pan should remain com-
pletely dry. 

b. Denote the resulting total space cooling 
capacity and electrical power derived from 
the test as Q̇ss,dry and Ėss,dry. With regard to a 
section 3.3 deviation, do not adjust Q̇ss,dry for 
duct losses (i.e., do not apply section 7.3.3.3 
of ASHRAE Standard 37–2005 (incorporated 
by reference, see § 430.22)). In preparing for 
the section 3.5 cyclic tests, record the aver-
age indoor-side air volume rate, V

Ô

, specific 
heat of the air, Cp,a (expressed on dry air 
basis), specific volume of the air at the noz-
zles, v′n, humidity ratio at the nozzles, Wn, 
and either pressure difference or velocity 
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pressure for the flow nozzles. For units hav-
ing a variable-speed indoor fan (that pro-
vides either a constant or variable air vol-
ume rate) that will or may be tested during 
the cyclic dry coil cooling mode test with 
the indoor fan turned off (see section 3.5), in-
clude the electrical power used by the indoor 
fan motor among the recorded parameters 
from the 30-minute test. 

3.5 Test procedures for the optional cyclic 
dry-coil cooling-mode tests (the D, D1, D2, 
and I1 Tests). a. After completing the steady- 
state dry-coil test, remove the Outdoor Air 
Enthalpy method test apparatus, if con-
nected, and begin manual OFF/ON cycling of 
the unit’s compressor. The test set-up should 
otherwise be identical to the set-up used dur-
ing the steady-state dry coil test. When test-
ing heat pumps, leave the reversing valve 
during the compressor OFF cycles in the 
same position as used for the compressor ON 
cycles, unless automatically changed by the 
controls of the unit. For units having a vari-
able-speed indoor fan, the manufacturer has 
the option of electing at the outset whether 
to conduct the cyclic test with the indoor 
fan enabled or disabled. Always revert to 
testing with the indoor fan disabled if cyclic 
testing with the fan enabled is unsuccessful. 

b. For units having a single-speed or two- 
capacity compressor, cycle the compressor 
OFF for 24 minutes and then ON for 6 min-
utes (Dtcyc,dry = 0.5 hours). For units having a 
variable-speed compressor, cycle the com-
pressor OFF for 48 minutes and then ON for 
12 minutes (Dtcyc,dry = 1.0 hours). Repeat the 
OFF/ON compressor cycling pattern until 
the test is completed. Allow the controls of 
the unit to regulate cycling of the outdoor 
fan. 

c. Sections 3.5.1 and 3.5.2 specify airflow re-
quirements through the indoor coil of ducted 
and non-ducted systems, respectively. In all 
cases, use the exhaust fan of the airflow 
measuring apparatus (covered under section 
2.6) along with the indoor fan of the unit, if 
installed and operating, to approximate a 
step response in the indoor coil airflow. Reg-
ulate the exhaust fan to quickly obtain and 
then maintain the flow nozzle static pressure 
difference or velocity pressure at the same 
value as was measured during the steady- 
state dry coil test. The pressure difference or 
velocity pressure should be within 2 percent 
of the value from the steady-state dry coil 
test within 15 seconds after airflow initi-
ation. For units having a variable-speed in-
door fan that ramps when cycling on and/or 
off, use the exhaust fan of the airflow meas-
uring apparatus to impose a step response 
that begins at the initiation of ramp up and 
ends at the termination of ramp down. 

d. For units having a variable-speed indoor 
fan, conduct the cyclic dry coil test using 
the pull-thru approach described below if any 
of the following occur when testing with the 
fan operating: 

(1) The test unit automatically cycles off; 
(2) Its blower motor reverses; or 
(3) The unit operates for more than 30 sec-

onds at an external static pressure that is 0.1 
inches of water or more higher than the 
value measured during the prior steady-state 
test. 

For the pull-thru approach, disable the in-
door fan and use the exhaust fan of the air-
flow measuring apparatus to generate the 
specified flow nozzles static pressure dif-
ference or velocity pressure. If the exhaust 
fan cannot deliver the required pressure dif-
ference because of resistance created by the 
unpowered blower, temporarily remove the 
blower. 

e. After completing a minimum of two 
complete compressor OFF/ON cycles, deter-
mine the overall cooling delivered and total 
electrical energy consumption during any 
subsequent data collection interval where 
the test tolerances given in Table 8 are satis-
fied. If available, use electric resistance 
heaters (see section 2.1) to minimize the var-
iation in the inlet air temperature. 

f. With regard to the Table 8 parameters, 
continuously record the dry-bulb tempera-
ture of the air entering the indoor and out-
door coils during periods when air flows 
through the respective coils. Sample the 
water vapor content of the indoor coil inlet 
air at least every 2 minutes during periods 
when air flows through the coil. Record ex-
ternal static pressure and the air volume 
rate indicator (either nozzle pressure dif-
ference or velocity pressure) at least every 
minute during the interval that air flows 
through the indoor coil. (These regular 
measurements of the airflow rate indicator 
are in addition to the required measurement 
at 15 seconds after flow initiation.) Sample 
the electrical voltage at least every 2 min-
utes beginning 30 seconds after compressor 
start-up. Continue until the compressor, the 
outdoor fan, and the indoor fan (if it is in-
stalled and operating) cycle off. 

g. For ducted units, continuously record 
the dry-bulb temperature of the air entering 
(as noted above) and leaving the indoor coil. 
Or if using a thermopile, continuously record 
the difference between these two tempera-
tures during the interval that air flows 
through the indoor coil. For non-ducted 
units, make the same dry-bulb temperature 
measurements beginning when the com-
pressor cycles on and ending when indoor 
coil airflow ceases. 

h. Integrate the electrical power over com-
plete cycles of length Dtcyc,dry. For ducted 
units tested with an indoor fan installed and 
operating, integrate electrical power from 
indoor fan OFF to indoor fan OFF. For all 
other ducted units and for non-ducted units, 
integrate electrical power from compressor 
OFF to compressor OFF. (Some cyclic tests 
will use the same data collection intervals to 
determine the electrical energy and the total 
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space cooling. For other units, terminate 
data collection used to determine the elec-
trical energy before terminating data collec-
tion used to determine total space cooling.) 

TABLE 8—TEST OPERATING AND TEST CONDI-
TION TOLERANCES FOR CYCLIC DRY COIL 
COOLING MODE TESTS 

Test 
Operating 

Tolerance 1 

Test 
Condition 

Tolerance 2 

Indoor entering dry-bulb tem-
perature 3, °F ...................... 2 .0 0 .5 

Indoor entering wet-bulb tem-
perature, °F ........................ ...................... (4) 

Outdoor entering dry-bulb 
temperature 3, °F ................ 2 .0 0 .5 

External resistance to air-
flow 3, inches of water ........ 0 .05 

Airflow nozzle pressure dif-
ference or velocity pres-
sure 3, % of reading ........... 2 .0 5 2 .0 

Electrical voltage 6, % of rdg. 2 .0 1 .5 

1 See Definition 1.41. 
2 See Definition 1.40. 
3 Applies during the interval that air flows through the indoor 

(outdoor) coil except for the first 30 seconds after flow initi-
ation. For units having a variable-speed indoor fan that ramps, 
the tolerances listed for the external resistance to airflow 
apply from 30 seconds after achieving full speed until ramp 
down begins. 

4 Shall at no time exceed a wet-bulb temperature that re-
sults in condensate forming on the indoor coil. 

5 The test condition shall be the average nozzle pressure 
difference or velocity pressure measured during the steady- 
state dry coil test. 

6 Applies during the interval when at least one of the fol-
lowing—the compressor, the outdoor fan, or, if applicable, the 
indoor fan—are operating except for the first 30 seconds after 
compressor start-up. 

i. If the Table 8 tolerances are satisfied 
over the complete cycle, record the meas-
ured electrical energy consumption as ecyc,dry 
and express it in units of watt-hours. Cal-
culate the total space cooling delivered, 
qcyc,dry, in units of Btu using, 

q
V C

v W

V C

v

cyc
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n
n
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n
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˙
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3

Γ

Γ

where V
Ô

, Cp,a, vn′ (or vn), and Wn are the val-
ues recorded during the section 3.4 dry 
coil steady-state test and, 

Γ = ∫ ( ) − ( )[ ] ⋅ °
τ

τ

τ τ τ
1

2

2T T dal a  ,  hr F.

Tal(t) = dry bulb temperature of the air enter-
ing the indoor coil at time t, °F. 

Ta2(t) = dry bulb temperature of the air leav-
ing the indoor coil at time t, °F. 

t1 = for ducted units, the elapsed time when 
airflow is initiated through the indoor 
coil; for non-ducted units, the elapsed 
time when the compressor is cycled on, 
hr. 

t2 = the elapsed time when indoor coil air-
flow ceases, hr. 

3.5.1 Procedures when testing ducted sys-
tems. The automatic controls that are nor-
mally installed with the test unit must gov-
ern the OFF/ON cycling of the air moving 
equipment on the indoor side (exhaust fan of 
the airflow measuring apparatus and, if in-
stalled, the indoor fan of the test unit). For 
example, for ducted units tested without an 
indoor fan installed but rated based on using 
a fan time delay relay, control the indoor 
coil airflow according to the rated ON and/or 
OFF delays provided by the relay. For 
ducted units having a variable-speed indoor 
fan that has been disabled (and possibly re-
moved), start and stop the indoor airflow at 
the same instances as if the fan were en-
abled. For all other ducted units tested with-
out an indoor fan installed, cycle the indoor 
coil airflow in unison with the cycling of the 
compressor. Close air dampers on the inlet 
(section 2.5.1) and outlet side (sections 2.5 
and 2.5.4) during the OFF period. Airflow 
through the indoor coil should stop within 3 
seconds after the automatic controls of the 
test unit (act to) de-energize the indoor fan. 
For ducted units tested without an indoor 
fan installed (excluding the special case 
where a variable-speed fan is temporarily re-
moved), increase ecyc,dry by the quantity, 

365

1000
3 52 1

 W

 scfm
- 2)⋅ ⋅ −[ ]˙ , ( .Vs τ τ

and decrease qcyc,dry by, 

1250

1000
3 52 1

 Btu/h

 scfm
- 3)⋅ ⋅ −[ ]˙ , ( .Vs τ τ

where V
Ô

s is the average indoor air volume 
rate from the section 3.4 dry coil steady- 
state test and is expressed in units of 
cubic feet per minute of standard air 
(scfm). For units having a variable-speed 
indoor fan that is disabled during the cy-
clic test, increase ecyc,dry and decrease 
qcyc,dry based on: 

a. The product of [t2
¥

t1] and the indoor 
fan power measured during or following the 
dry coil steady-state test; or, 

b. The following algorithm if the indoor 
fan ramps its speed when cycling. 

1. Measure the electrical power consumed 
by the variable-speed indoor fan at a min-
imum of three operating conditions: at the 
speed/air volume rate/external static pres-
sure that was measured during the steady- 
state test, at operating conditions associated 
with the midpoint of the ramp-up interval, 
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and at conditions associated with the mid-
point of the ramp-down interval. For these 
measurements, the tolerances on the airflow 
volume or the external static pressure are 
the same as required for the section 3.4 
steady-state test. 

2. For each case, determine the fan power 
from measurements made over a minimum 
of 5 minutes. 

3. Approximate the electrical energy con-
sumption of the indoor fan if it had operated 
during the cyclic test using all three power 
measurements. Assume a linear profile dur-
ing the ramp intervals. The manufacturer 
must provide the durations of the ramp-up 
and ramp-down intervals. If a manufacturer- 
supplied ramp interval exceeds 45 seconds, 
use a 45-second ramp interval nonetheless 
when estimating the fan energy. 

The manufacturer is allowed to choose op-
tion a, and forego the extra testing burden of 
option b, even if the unit ramps indoor fan 
speed when cycling. 

3.5.2 Procedures when testing non-ducted 
systems. Do not use air dampers when con-
ducting cyclic tests on non-ducted units. 
Until the last OFF/ON compressor cycle, air-
flow through the indoor coil must cycle off 
and on in unison with the compressor. For 
the last OFF/ON compressor cycle—the one 
used to determine ecyc,dry and qcyc,dry—use the 
exhaust fan of the airflow measuring appa-
ratus and the indoor fan of the test unit to 
have indoor airflow start 3 minutes prior to 
compressor cut-on and end three minutes 
after compressor cutoff. Subtract the elec-
trical energy used by the indoor fan during 
the 3 minutes prior to compressor cut-on 
from the integrated electrical energy, ecyc,dry. 
Add the electrical energy used by the indoor 
fan during the 3 minutes after compressor 
cutoff to the integrated cooling capacity, 
qcyc,dry. For the case where the non-ducted 
unit uses a variable-speed indoor fan which 
is disabled during the cyclic test, correct 
ecyc,dry and qcyc,dry using the same approach as 
prescribed in section 3.5.1 for ducted units 
having a disabled variable-speed indoor fan. 

3.5.3 Cooling-mode cyclic-degradation coef-
ficient calculation. Use the two optional dry- 
coil tests to determine the cooling-mode cy-
clic-degradation coefficient, CD

c. Append 
‘‘(k=2)’’ to the coefficient if it corresponds to 
a two-capacity unit cycling at high capacity. 
If the two optional tests are conducted but 
yield a tested CD

c that exceeds the default 

CD
c or if the two optional tests are not con-

ducted, assign CD
c the default value of 0.25. 

The default value for two-capacity units cy-
cling at high capacity, however, is the low- 
capacity coefficient, i.e., CD

c(k=2) = CD
c. 

Evaluate CD
c using the above results and 

those from the section 3.4 dry-coil steady- 
state test. 

C

EER

CLFD
c

cyc

=
−

−

1 ,dry

ss,dryEER

1
where, 

EER
q

cyc
cyc

,
, ,dry
dry

cyc,drye
=

the average energy efficiency ratio during 
the cyclic dry coil cooling mode 
test, Btu/W·h 

EER
Q

ss
ss

,
,

˙

˙ ,dry
dry

ss,dryE
=

the average energy efficiency ratio during 
the steady-state dry coil cooling mode test, 
Btu/W·h 

CLF
qcyc

cyc

=
⋅

,

,

,dry

ss,dry dryQ Δτ
the cooling load factor dimensionless. 
Round the calculated value for CD

c to the 
nearest 0.01. If CD

c is negative, then set it 
equal to zero. 

3.6 Heating mode tests for different types 
of heat pumps, including heating-only heat 
pumps. 

3.6.1 Tests for a heat pump having a single- 
speed compressor that is tested with a fixed 
speed indoor fan installed, with a constant- 
air-volume-rate indoor fan installed, or with 
no indoor fan installed. Conduct the optional 
High Temperature Cyclic (H1C) Test to de-
termine the heating mode cyclic-degradation 
coefficient, CD

h. If this optional test is con-
ducted but yields a tested CD

h that exceeds 
the default CD

h or if the optional test is not 
conducted, assign CD

h the default value of 
0.25. Test conditions for the four tests are 
specified in Table 9. 

TABLE 9—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR AND 
A FIXED-SPEED INDOOR FAN, A CONSTANT AIR VOLUME RATE INDOOR FAN, OR NO INDOOR FAN 

Test description 

Air entering indoor unit 
Temperature (°F) 

Air entering outdoor unit 
Temperature (°F) Heating air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

H1 Test (required, steady) ....... 70 60(max) 47 43 Heating Full-load 1 
H1C Test (optional, cyclic) ....... 70 60(max) 47 43 (2) 
H2 Test (required) .................... 70 60(max) 35 33 Heating Full-load 1 
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TABLE 9—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR AND 
A FIXED-SPEED INDOOR FAN, A CONSTANT AIR VOLUME RATE INDOOR FAN, OR NO INDOOR FAN— 
Continued 

Test description 

Air entering indoor unit 
Temperature (°F) 

Air entering outdoor unit 
Temperature (°F) Heating air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

H3 Test (required, steady) ....... 70 60(max) 17 15 Heating Full-load 1 

1 Defined in section 3.1.4.4. 
2 Maintain the airflow nozzles static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the H1 Test. 

3.6.2 Tests for a heat pump having a single- 
speed compressor and a variable-speed, vari-
able-air-volume-rate indoor fan: capacity 
modulation correlates with outdoor dry bulb 
temperature. Conduct five tests: two High 
Temperature Tests (H12 and H11), one Frost 
Accumulation Test (H22), and two Low Tem-
perature Tests (H32 and H31). Conducting an 
additional Frost Accumulation Test (H21) is 
optional. Conduct the optional High Tem-
perature Cyclic (H1C1) Test to determine the 

heating mode cyclic-degradation coefficient, 
CD

h. If this optional test is conducted but 
yields a tested CD

h that exceeds the default 
CD

h or if the optional test is not conducted, 
assign CD

h the default value of 0.25. Test con-
ditions for the seven tests are specified in 
Table 10. If the optional H21 Test is not per-
formed, use the following equations to ap-
proximate the capacity and electrical power 
of the heat pump at the H21 test conditions: 

˙ ˙ . ˙ ˙

˙ ˙ . ˙ ˙

Q QR Q Q Q
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h
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= = = = =

( ) = ( ) ⋅ ( ) + ⋅ ( ) − ( )[ ]{ }
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The quantities Q̇h
k=2(47), Ėh

k=2(47), Q̇h
k=1(47), 

and Ėh
k=1(47) are determined from the H12 and 

H11 Tests and evaluated as specified in sec-
tion 3.7; the quantities Q̇h

k=2(35) and Ėh
k=2(35) 

are determined from the H22 Test and evalu-

ated as specified in section 3.9; and the quan-
tities Q̇h

k=2(17), Ėh
k=2(17), Q̇h

k=1(17), and 
Ėh

k=1(17), are determined from the H32 and 
H31 Tests and evaluated as specified in sec-
tion 3.10. 

TABLE 10—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR 
AND A VARIABLE AIR VOLUME RATE INDOOR FAN 

Test description 

Air entering indoor unit 
temperature (°F) 

Air entering outdoor unit 
temperature (°F) Heating air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

H12 Test (required, steady) .. 70 60(max) ............ 47 43 Heating Full-load. 1 
H11 Test (required, steady) .. 70 60(max) ............ 47 43 Heating Minimum. 2 
H1C1 Test (optional, cyclic) 70 60(max) ............ 47 43 (3) 
H22 Test (required) .............. 70 60(max) ............ 35 33 Heating Full-load. 1 
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TABLE 10—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR 
AND A VARIABLE AIR VOLUME RATE INDOOR FAN—Continued 

Test description 

Air entering indoor unit 
temperature (°F) 

Air entering outdoor unit 
temperature (°F) Heating air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

H21 Test (optional) ............... 70 60(max) ............ 35 33 Heating Minimum. 2 
H32 Test (required, steady) .. 70 60(max) ............ 17 15 Heating Full-load. 1 
H31 Test (required, steady) .. 70 60(max) ............ 17 15 Heating Minimum. 2 

1 Defined in section 3.1.4.4. 
2 Defined in section 3.1.4.5. 
3 Maintain the airflow nozzles static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the H11 Test. 

3.6.3 Tests for a heat pump having a two- 
capacity compressor (see Definition 1.45), in-
cluding two-capacity, northern heat pumps 
(see Definition 1.46). a. Conduct one Max-
imum Temperature Test (H01), two High 
Temperature Tests (H12 and H11), one Frost 
Accumulation Test (H22), and one Low Tem-
perature Test (H32). Conduct an additional 
Frost Accumulation Test (H21) and Low 
Temperature Test (H31) if both of the fol-
lowing conditions exist: 

1. Knowledge of the heat pump’s capacity 
and electrical power at low compressor ca-

pacity for outdoor temperatures of 37 °F and 
less is needed to complete the section 4.2.3 
seasonal performance calculations; and 

2.The heat pump’s controls allow low-ca-
pacity operation at outdoor temperatures of 
37 °F and less. 

If the above two conditions are met, an al-
ternative to conducting the H21 Frost Accu-
mulation is to use the following equations to 
approximate the capacity and electrical 
power: 

Determine the quantities Q̇h
k=1 (47) and 

Ėh
k=1 (47) from the H11 Test and evaluate 

them according to Section 3.7. Determine the 
quantities Q̇h

k=1 (17) and Ėh
k=1 (17) from the 

H31 Test and evaluate them according to 
Section 3.10. 

b. Conduct the optional High Temperature 
Cyclic Test (H1C1) to determine the heating- 
mode cyclic-degradation coefficient, CD

h. If 
this optional test is conducted but yields a 
tested CD

h that exceeds the default CD
h or if 

the optional test is not conducted, assign CD
h 

the default value of 0.25. If a two-capacity 
heat pump locks out low capacity operation 

at lower outdoor temperatures, conduct the 
optional High Temperature Cyclic Test 
(H1C2) to determine the high-capacity heat-
ing-mode cyclic-degradation coefficient, CD

h 
(k=2). If this optional test at high capacity is 
conducted but yields a tested CD

h (k=2) that 
exceeds the default CD

h (k=2) or if the op-
tional test is not conducted, assign CD

h the 
default value. The default CD

h (k=2) is the 
same value as determined or assigned for the 
low-capacity cyclic-degradation coefficient, 
CD

h [or equivalently, CD
h (k=1)]. Table 11 

specifies test conditions for these nine tests. 

TABLE 11—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A TWO-CAPACITY COMPRESSOR 

Test description 

Air entering indoor 
unit temperature (°F) 

Air entering outdoor unit 
temperature (°F) Compressor capacity Heating air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

H01 Test .........................
(required, steady) 

70 60(max) 62 56 .5 Low ............................ Heating Minimum. 1 

H12 Test .........................
(required, steady) 

70 60(max) 47 43 High ........................... Heating Full-Load. 2 

H1C2 Test .......................
(optional, cyclic) 

70 60(max) 47 43 High ........................... (3) 

H11 Test .........................
(required) 

70 60(max) 47 43 Low ............................ Heating Minimum. 1 
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TABLE 11—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A TWO-CAPACITY COMPRESSOR— 
Continued 

Test description 

Air entering indoor 
unit temperature (°F) 

Air entering outdoor unit 
temperature (°F) Compressor capacity Heating air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

H1C1 Test .......................
(optional, cyclic) 

70 60(max) 47 43 Low ............................ (4) 

H22 Test .........................
(required) 

70 60(max) 35 33 High ........................... Heating Full-Load. 2 

H21 Test5 6 .....................
(required) 

70 60(max) 35 33 Low ............................ Heating Minimum. 1 

H32 Test .........................
(required, steady) 

70 60(max) 17 15 High ........................... Heating Full-Load. 2 

H31 Test 5 .......................
(required, steady) 

70 60(max) 17 15 Low ............................ Heating Minimum. 1 

1 Defined in section 3.1.4.5. 
2 Defined in section 3.1.4.4. 
3 Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure or 

velocity as measured during the H12 Test. 
4 Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure or 

velocity as measured during the H11 Test. 
5 Required only if the heat pump’s performance when operating at low compressor capacity and outdoor temperatures less 

than 37 °F is needed to complete the section 4.2.3 HSPF calculations. 
6 If table note #5 applies, the section 3.6.3 equations for Q̇hk=1 (35) and Ėhk=1 (17) may be used in lieu of conducting the H21 

Test. 

3.6.4 Tests for a heat pump having a vari-
able-speed compressor. a. Conduct one Max-
imum Temperature Test (H01), two High 
Temperature Tests (H12 and H11), one Frost 
Accumulation Test (H2V), and one Low Tem-
perature Test (H32). Conducting one or both 
of the following tests is optional: An addi-
tional High Temperature Test (H1N) and an 
additional Frost Accumulation Test (H22). 
Conduct the optional Maximum Tempera-
ture Cyclic (H0C1) Test to determine the 

heating mode cyclic-degradation coefficient, 
CD

h. If this optional test is conducted but 
yields a tested CD

h that exceeds the default 
CD

h or if the optional test is not conducted, 
assign CD

h the default value of 0.25. Test con-
ditions for the eight tests are specified in 
Table 12. Determine the intermediate com-
pressor speed cited in Table 12 using the 
heating mode maximum and minimum com-
pressors speeds and: 

Intermediate speed = Minimum speed +
Maximum speed Minimum speed

3

−

where a tolerance of plus 5 percent or the 
next higher inverter frequency step from 
that calculated is allowed. If the H22 Test is 

not done, use the following equations to ap-
proximate the capacity and electrical power 
at the H22 test conditions: 

˙ . ˙ . ˙ ˙
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35 0 90 17 0 6 47 17

35 0 985 17 0 6 47 17

b. Determine the quantities Q̇h
k=2(47) and 

from Ėh
k=2(47) from the H12 Test and evaluate 

them according to section 3.7. Determine the 
quantities Q̇h

k=2(17) and Ėh
k=2(17) from the H32 

Test and evaluate them according to section 
3.10. For heat pumps where the heating mode 
maximum compressor speed exceeds its cool-

ing mode maximum compressor speed, con-
duct the H1N Test if the manufacturer re-
quests it. If the H1N Test is done, operate the 
heat pump’s compressor at the same speed as 
the speed used for the cooling mode A2 Test. 
Refer to the last sentence of section 4.2 to 
see how the results of the H1N Test may be 
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used in calculating the heating seasonal per-
formance factor. 

TABLE 12—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A VARIABLE-SPEED COMPRESSOR 

Test description 

Air entering indoor 
unit temperature (°F) 

Air entering outdoor unit 
temperature (°F) Compressor speed Heating air volume rate 

Dry bulb Wet bulb Dry bulb Wet bulb 

H01 Test .........................
(required, steady) 

70 60(max) 62 56 .5 Minimum .................... Heating Minimum. 1 

H0C1 Test .......................
(optional, steady) 

70 60(max) 62 56 .5 Minimum .................... (2) 

H12 Test .........................
(required, steady) 

70 60(max) 47 43 Maximum ................... Heating Full-Load. 3 

H11 Test .........................
(required, steady) 

70 60(max) 47 43 Minimum .................... Heating Minimum. 1 

H1N Test .........................
(optional, steady) 

70 60(max) 47 43 Cooling Mode Max-
imum.

Heating Nominal. 4 

H22 Test .........................
(optional) 

70 60(max) 35 33 Maximum ................... Heating Full-Load. 3 

H2V Test .........................
(required) 

70 60(max) 35 33 Intermediate ............... Heating Intermediate. 5 

H32 Test .........................
(required, steady) 

70 60(max) 17 15 Maximum ................... Heating Full-Load. 3 

1 Defined in section 3.1.4.5. 
2 Maintain the airflow nozzle(s) static pressure difference or velocity pressure during an ON period at the same pressure or ve-

locity as measured during the H01 Test. 
3 Defined in section 3.1.4.4. 
4 Defined in section 3.1.4.7. 
5 Defined in section 3.1.4.6. 

c. For multiple-split heat pumps (only), 
the following procedures supersede the above 
requirements. For all Table 12 tests specified 
for a minimum compressor speed, at least 
one indoor unit must be turned off. The man-
ufacturer shall designate the particular in-
door unit(s) that is turned off. The manufac-
turer must also specify the compressor speed 
used for the Table 12 H2V Test, a heating- 
mode intermediate compressor speed that 
falls within 1⁄4 and 3⁄4 of the difference be-
tween the maximum and minimum heating- 
mode speeds. The manufacturer should pre-
scribe an intermediate speed that is expected 
to yield the highest COP for the given H2V 
Test conditions and bracketed compressor 
speed range. The manufacturer can designate 
that one or more specific indoor units are 
turned off for the H2V Test. 

3.6.5 Additional test for a heat pump hav-
ing a heat comfort controller. Test any heat 
pump that has a heat comfort controller (see 
Definition 1.28) according to section 3.6.1, 
3.6.2, or 3.6.3, whichever applies, with the 
heat comfort controller disabled. Addition-
ally, conduct the abbreviated test described 
in section 3.1.9 with the heat comfort con-
troller active to determine the system’s 
maximum supply air temperature. (Note: 
heat pumps having a variable speed com-
pressor and a heat comfort controller are not 
covered in the test procedure at this time.) 

3.7 Test procedures for steady-state Max-
imum Temperature and High Temperature 
heating mode tests (the H01, H1, H12, H11, and 
H1N Tests). a. For the pretest interval, oper-
ate the test room reconditioning apparatus 

and the heat pump until equilibrium condi-
tions are maintained for at least 30 minutes 
at the specified section 3.6 test conditions. 
Use the exhaust fan of the airflow measuring 
apparatus and, if installed, the indoor fan of 
the heat pump to obtain and then maintain 
the indoor air volume rate and/or the exter-
nal static pressure specified for the par-
ticular test. Continuously record the dry- 
bulb temperature of the air entering the in-
door coil, and the dry-bulb temperature and 
water vapor content of the air entering the 
outdoor coil. Refer to section 3.11 for addi-
tional requirements that depend on the se-
lected secondary test method. After satis-
fying the pretest equilibrium requirements, 
make the measurements specified in Table 3 
of ASHRAE Standard 37–2005 (incorporated 
by reference, see § 430.22) for the Indoor Air 
Enthalpy method and the user-selected sec-
ondary method. Except for external static 
pressure, make the Table 3 measurements at 
equal intervals that span 10 minutes or less. 
Measure external static pressure every 5 
minutes or less. Continue data sampling 
until a 30-minute period (e.g., four consecu-
tive 10-minute samples) is reached where the 
test tolerances specified in Table 13 are sat-
isfied. For those continuously recorded pa-
rameters, use the entire data set for the 30- 
minute interval when evaluating Table 13 
compliance. Determine the average elec-
trical power consumption of the heat pump 
over the same 30-minute interval. 
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TABLE 13—TEST OPERATING AND TEST CONDI-
TION TOLERANCES FOR SECTION 3.7 AND 
SECTION 3.10 STEADY-STATE HEATING MODE 
TESTS 

Test 
operating 
tolerance 1 

Test 
condition 

tolerance 2 

Indoor dry-bulb, °F: 
Entering temperature ............. 2 .0 0 .5 
Leaving temperature .............. 2 .0 

Indoor wet-bulb, °F: 
Entering temperature ............. 1 .0 
Leaving temperature .............. 1 .0 

Outdoor dry-bulb, °F: 
Entering temperature ............. 2 .0 0 .5 
Leaving temperature .............. 2 2 .0 

Outdoor wet-bulb, °F: 
Entering temperature ............. 1 .0 0 .3 
Leaving temperature .............. 3 1 .0 

External resistance to airflow, 
inches of water .......................... 0 .05 4 0 .02 

Electrical voltage, % of rdg ........... 2 .0 1 .5 
Nozzle pressure drop, % of rdg .... 2 .0 

1 See Definition 1.41. 
2 See Definition 1.40. 
3 Only applies when the Outdoor Air Enthalpy Method is 

used. 
4 Only applies when testing non-ducted units. 

b. Calculate indoor-side total heating ca-
pacity as specified in sections 7.3.4.1 and 
7.3.4.3 of ASHRAE Standard 37–2005 (incor-
porated by reference, see § 430.22). Do not ad-
just the parameters used in calculating ca-
pacity for the permitted variations in test 
conditions. Assign the average space heating 
capacity and electrical power over the 30- 
minute data collection interval to the vari-
ables Q̇h

k and Ėh
k(T) respectively. The ‘‘T’’ 

and superscripted ‘‘k’’ are the same as de-
scribed in section 3.3. Additionally, for the 
heating mode, use the superscript to denote 
results from the optional H1N Test, if con-
ducted. 

c. For heat pumps tested without an indoor 
fan installed, increase Q̇h

k(T) by 

1250

1000

 Btu / h

 scfm
⋅ ˙ ,Vs

and increase Ėh
k(T) by, 

365 W

 scfm1000
⋅ ˙ ,Vs

where V
Ô

s is the average measured indoor air 
volume rate expressed in units of cubic feet 
per minute of standard air (scfm). During the 
30-minute data collection interval of a High 
Temperature Test, pay attention to pre-
venting a defrost cycle. Prior to this time, 
allow the heat pump to perform a defrost 
cycle if automatically initiated by its own 
controls. As in all cases, wait for the heat 
pump’s defrost controls to automatically 
terminate the defrost cycle. Heat pumps that 
undergo a defrost should operate in the heat-
ing mode for at least 10 minutes after defrost 

termination prior to beginning the 30-minute 
data collection interval. For some heat 
pumps, frost may accumulate on the outdoor 
coil during a High Temperature test. If the 
indoor coil leaving air temperature or the 
difference between the leaving and entering 
air temperatures decreases by more than 1.5 
°F over the 30-minute data collection inter-
val, then do not use the collected data to de-
termine capacity. Instead, initiate a defrost 
cycle. Begin collecting data no sooner than 
10 minutes after defrost termination. Collect 
30 minutes of new data during which the 
Table 13 test tolerances are satisfied. In this 
case, use only the results from the second 30- 
minute data collection interval to evaluate 
Q̇h

k(47) and Ėh
k(47). 

d. If conducting the optional cyclic heating 
mode test, which is described in section 3.8, 
record the average indoor-side air volume 
rate, V

Ô

, specific heat of the air, Cp,a (ex-
pressed on dry air basis), specific volume of 
the air at the nozzles, vn′ (or vn), humidity 
ratio at the nozzles, Wn, and either pressure 
difference or velocity pressure for the flow 
nozzles. If either or both of the below cri-
teria apply, determine the average, steady- 
state, electrical power consumption of the 
indoor fan motor (Ėfan,1): 

1. The section 3.8 cyclic test will be con-
ducted and the heat pump has a variable- 
speed indoor fan that is expected to be dis-
abled during the cyclic test; or 

2. The heat pump has a (variable-speed) 
constant-air volume-rate indoor fan and dur-
ing the steady-state test the average exter-
nal static pressure (DP1) exceeds the applica-
ble section 3.1.4.4 minimum (or targeted) ex-
ternal static pressure (DPmin) by 0.03 inches of 
water or more. 

Determine Ėfan,1 by making measurements 
during the 30-minute data collection inter-
val, or immediately following the test and 
prior to changing the test conditions. When 
the above ‘‘2’’ criteria applies, conduct the 
following four steps after determining Ėfan,1 
(which corresponds to DP1): 

i. While maintaining the same test condi-
tions, adjust the exhaust fan of the airflow 
measuring apparatus until the external stat-
ic pressure increases to approximately DP1 + 
(DP1 ¥ DPmin). 

ii. After re-establishing steady readings for 
fan motor power and external static pres-
sure, determine average values for the indoor 
fan power (Ėfan,2) and the external static pres-
sure (DP2) by making measurements over a 5- 
minute interval. 

iii. Approximate the average power con-
sumption of the indoor fan motor if the 30- 
minute test had been conducted at DPmin 
using linear extrapolation: 

˙
˙ ˙

˙ .,min
, ,

min ,E
E E

P P
P P Efan

fan fan
fan=

−
−

−( ) +2 1

2 1
1 1Δ Δ

Δ Δ
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iv. Decrease the total space heating capac-
ity, Q̇h

k(T), by the quantity (Ėfan,1 ¥ Ėfan,min), 
when expressed on a Btu/h basis. Decrease 
the total electrical power, Ėh

k(T) by the 
same fan power difference, now expressed in 
watts. 

3.8 Test procedures for the optional cyclic 
heating mode tests (the H0C1, H1C, H1C1 and 
H1C2 Tests). a. Except as noted below, con-
duct the cyclic heating mode test as speci-
fied in section 3.5. As adapted to the heating 
mode, replace section 3.5 references to ‘‘the 
steady-state dry coil test’’ with ‘‘the heating 
mode steady-state test conducted at the 
same test conditions as the cyclic heating 
mode test.’’ Use the test tolerances in Table 
14 rather than Table 8. Record the outdoor 
coil entering wet-bulb temperature accord-
ing to the requirements given in section 3.5 
for the outdoor coil entering dry-bulb tem-
perature. Drop the subscript ‘‘dry’’ used in 
variables cited in section 3.5 when referring 
to quantities from the cyclic heating mode 
test. Determine the total space heating de-
livered during the cyclic heating test, qcyc, as 
specified in section 3.5 except for making the 
following changes: 

(1) When evaluating Equation 3.5–1, use the 
values of V

Ô

, Cp,a,vn′, (or vn), and Wn that were 
recorded during the section 3.7 steady-state 
test conducted at the same test conditions. 

(2) Calculate G using, 

Γ = −[ ] ⋅ °∫ T T Fa a12

1

2

( ) ( ) , .τ τ δτ
τ

τ

 hr

b. For ducted heat pumps tested without 
an indoor fan installed (excluding the special 
case where a variable-speed fan is tempo-
rarily removed), increase qcyc by the amount 
calculated using Equation 3.5–3. Addition-
ally, increase ecyc by the amount calculated 
using Equation 3.5–2. In making these cal-
culations, use the average indoor air volume 
rate (V

Ô

s) determined from the section 3.7 
steady-state heating mode test conducted at 
the same test conditions. 

c. For non-ducted heat pumps, subtract the 
electrical energy used by the indoor fan dur-
ing the 3 minutes after compressor cutoff 
from the non-ducted heat pump’s integrated 
heating capacity, qcyc. 

d. If a heat pump defrost cycle is manually 
or automatically initiated immediately prior 
to or during the OFF/ON cycling, operate the 
heat pump continuously until 10 minutes 
after defrost termination. After that, begin 
cycling the heat pump immediately or delay 
until the specified test conditions have been 
re-established. Pay attention to preventing 
defrosts after beginning the cycling process. 
For heat pumps that cycle off the indoor fan 
during a defrost cycle, make no effort here 
to restrict the air movement through the in-
door coil while the fan is off. Resume the 
OFF/ON cycling while conducting a min-

imum of two complete compressor OFF/ON 
cycles before determining qcyc and ecyc. 

3.8.1 Heating mode cyclic-degradation coef-
ficient calculation. Use the results from the 
optional cyclic test and the required steady- 
state test that were conducted at the same 
test conditions to determine the heating- 
mode cyclic-degradation coefficient CD

h. Add 
‘‘(k=2)’’ to the coefficient if it corresponds to 
a two-capacity unit cycling at high capacity. 
For the below calculation of the heating 
mode cyclic degradation coefficient, do not 
include the duct loss correction from section 
7.3.3.3 of ASHRAE Standard 37–2005 (incor-
porated by reference, see § 430.22) in deter-
mining Q̇h

k(Tcyc) (or qcyc). If the optional cy-
clic test is conducted but yields a tested CD

h 
that exceeds the default CD

h or if the op-
tional test is not conducted, assign CD

h the 
default value of 0.25. The default value for 
two-capacity units cycling at high capacity, 
however, is the low-capacity coefficient, i.e., 
CD

h (k=2) = CD
h. The tested CD

h is calculated 
as follows: 

C

COP

COP T

HLFD
h

cyc

ss cyc
=

1

1

− ( )
−

where, 

COP
q

Btu h
W

e
cyc

cyc

cyc

=
⋅3.413

/ ,

the average coefficient of performance dur-
ing the cyclic heating mode test, 
dimensionless. 

COP T
Q T

Btu h
W

E T
ss cyc

h
k

cyc

h
k

cyc

( ) =
( )

⋅ ( )
˙

.413
/ ˙

,
3

the average coefficient of performance dur-
ing the steady-state heating mode test con-
ducted at the same test conditions—i.e., 
same outdoor dry bulb temperature, Tcyc, and 
speed/capacity, k, if applicable—as specified 
for the cyclic heating mode test, 
dimensionless. 

HLF
q

Q T

cyc

h
k

cyc cyc

= ( ) ⋅˙
,

Δτ
the heating load factor, dimensionless. 
Tcyc = the nominal outdoor temperature at 
which the cyclic heating mode test is con-
ducted, 62 or 47 °F. 
Dtcyc = the duration of the OFF/ON intervals; 
0.5 hours when testing a heat pump having a 
single-speed or two-capacity compressor and 
1.0 hour when testing a heat pump having a 
variable-speed compressor. 
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Round the calculated value for CD
h to the 

nearest 0.01. If CD
h is negative, then set it 

equal to zero. 

TABLE 14—TEST OPERATING AND TEST CONDI-
TION TOLERANCES FOR CYCLIC HEATING MODE 
TESTS. 

Test 
operating 
tolerance 1 

Test 
condition 

tolerance 2 

Indoor entering dry-bulb tem-
perature, 3 °F .......................... 2.0 0.5 

Indoor entering wet-bulb tem-
perature, 3 °F .......................... 1.0 

Outdoor entering dry-bulb tem-
perature, 3 °F .......................... 2.0 0.5 

Outdoor entering wet-bulb tem-
perature, 3 °F .......................... 2.0 1.0 

External resistance to air-flow, 3 
inches of water ...................... 0.05 

Airflow nozzle pressure dif-
ference or velocity pressure,3 
% of reading .......................... 2.0 4 2.0 

Electrical voltage, 5 % of rdg ..... 2.0 1.5 

1 See Definition 1.41. 
2 See Definition 1.40. 
3 Applies during the interval that air flows through the indoor 

(outdoor) coil except for the first 30 seconds after flow initi-
ation. For units having a variable-speed indoor fan that ramps, 
the tolerances listed for the external resistance to airflow shall 
apply from 30 seconds after achieving full speed until ramp 
down begins. 

4 The test condition shall be the average nozzle pressure 
difference or velocity pressure measured during the steady- 
state test conducted at the same test conditions. 

5 Applies during the interval that at least one of the fol-
lowing—the compressor, the outdoor fan, or, if applicable, the 
indoor fan—are operating, except for the first 30 seconds after 
compressor start-up. 

3.9 Test procedures for Frost Accumulation 
heating mode tests (the H2, H22, H2V, and H21 
Tests). a. Confirm that the defrost controls 
of the heat pump are set as specified in sec-
tion 2.2.1. Operate the test room recondi-
tioning apparatus and the heat pump for at 
least 30 minutes at the specified section 3.6 
test conditions before starting the ‘‘prelimi-
nary’’ test period. The preliminary test pe-
riod must immediately precede the ‘‘official’’ 
test period, which is the heating and defrost 
interval over which data are collected for 
evaluating average space heating capacity 
and average electrical power consumption. 

b. For heat pumps containing defrost con-
trols which are likely to cause defrosts at in-
tervals less than one hour, the preliminary 
test period starts at the termination of an 
automatic defrost cycle and ends at the ter-
mination of the next occurring automatic 
defrost cycle. For heat pumps containing de-
frost controls which are likely to cause 
defrosts at intervals exceeding one hour, the 
preliminary test period must consist of a 
heating interval lasting at least one hour 
followed by a defrost cycle that is either 
manually or automatically initiated. In all 
cases, the heat pump’s own controls must 
govern when a defrost cycle terminates. 

c. The official test period begins when the 
preliminary test period ends, at defrost ter-

mination. The official test period ends at the 
termination of the next occurring automatic 
defrost cycle. When testing a heat pump that 
uses a time-adaptive defrost control system 
(see Definition 1.42), however, manually ini-
tiate the defrost cycle that ends the official 
test period at the instant indicated by in-
structions provided by the manufacturer. If 
the heat pump has not undergone a defrost 
after 6 hours, immediately conclude the test 
and use the results from the full 6-hour pe-
riod to calculate the average space heating 
capacity and average electrical power con-
sumption. 

For heat pumps that turn the indoor fan 
off during the defrost cycle, take steps to 
cease forced airflow through the indoor coil 
and block the outlet duct whenever the heat 
pump’s controls cycle off the indoor fan. If it 
is installed, use the outlet damper box de-
scribed in section 2.5.4.1 to affect the blocked 
outlet duct. 

d. Defrost termination occurs when the 
controls of the heat pump actuate the first 
change in converting from defrost operation 
to normal heating operation. Defrost initi-
ation occurs when the controls of the heat 
pump first alter its normal heating oper-
ation in order to eliminate possible accumu-
lations of frost on the outdoor coil. 

e. To constitute a valid Frost Accumula-
tion test, satisfy the test tolerances specified 
in Table 15 during both the preliminary and 
official test periods. As noted in Table 15, 
test operating tolerances are specified for 
two sub-intervals: (1) When heating, except 
for the first 10 minutes after the termination 
of a defrost cycle (Sub-interval H, as de-
scribed in Table 15) and (2) when defrosting, 
plus these same first 10 minutes after defrost 
termination (Sub-interval D, as described in 
Table 15). Evaluate compliance with Table 15 
test condition tolerances and the majority of 
the test operating tolerances using the aver-
ages from measurements recorded only dur-
ing Sub-interval H. Continuously record the 
dry bulb temperature of the air entering the 
indoor coil, and the dry bulb temperature 
and water vapor content of the air entering 
the outdoor coil. Sample the remaining pa-
rameters listed in Table 15 at equal intervals 
that span 10 minutes or less. 

f. For the official test period, collect and 
use the following data to calculate average 
space heating capacity and electrical power. 
During heating and defrosting intervals 
when the controls of the heat pump have the 
indoor fan on, continuously record the dry- 
bulb temperature of the air entering (as 
noted above) and leaving the indoor coil. If 
using a thermopile, continuously record the 
difference between the leaving and entering 
dry-bulb temperatures during the interval(s) 
that air flows through the indoor coil. For 
heat pumps tested without an indoor fan in-
stalled, determine the corresponding cumu-
lative time (in hours) of indoor coil airflow, 
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Dta. Sample measurements used in calcu-
lating the air volume rate (refer to sections 
7.7.2.1 and 7.7.2.2 of ASHRAE Standard 37– 
2005 (incorporated by reference, see § 430.22)) 
at equal intervals that span 10 minutes or 
less. (Note: In the first printing of ASHRAE 

Standard 37–2005, the second IP equation for 
Qmi should read: .) Record the electrical en-
ergy consumed, expressed in watt-hours, 
from defrost termination to defrost termi-
nation, eDEF

k(35), as well as the cor-
responding elapsed time in hours, DtFR. 

TABLE 15—TEST OPERATING AND TEST CONDITION TOLERANCES FOR FROST ACCUMULATION 
HEATING MODE TESTS. 

Test operating tolerance 1 Test condition 
tolerance 2 

Sub-interval H 3 Sub-interval H 3 Sub-interval D 4 

Indoor entering dry-bulb temperature, °F ....................................... 2.0 5 4.0 0.5 
Indoor entering wet-bulb temperature, °F ....................................... 1.0 ..............................
Outdoor entering dry-bulb temperature, °F ..................................... 2.0 10.0 1.0 
Outdoor entering wet-bulb temperature, °F .................................... 1.5 .............................. 0.5 
External resistance to airflow, inches of water ............................... 0.05 .............................. 0.02 6 
Electrical voltage, % of rdg ............................................................. 2.0 .............................. 1.5 

1 See Definition 1.41. 
2 See Definition 1.40. 
3 Applies when the heat pump is in the heating mode, except for the first 10 minutes after termination of a defrost cycle. 
4 Applies during a defrost cycle and during the first 10 minutes after the termination of a defrost cycle when the heat pump is 

operating in the heating mode. 
5 For heat pumps that turn off the indoor fan during the defrost cycle, the noted tolerance only applies during the 10 minute in-

terval that follows defrost termination. 
6 Only applies when testing non-ducted heat pumps. 

3.9.1 Average space heating capacity and 
electrical power calculations. a. Evaluate av-

erage space heating capacity, Q̇h
k(35), when 

expressed in units of Btu per hour, using: 

˙ ( )
˙ ˙

, ,
Q

V C

v W

V C

vh
k p a

FR n n

p a

FR n

35
60

1

60
=

⋅ ⋅ ⋅

⋅ +( )[ ] =
⋅ ⋅ ⋅

⋅
Γ

Δτ

Γ
Δτ'

where, 

V
Ô

= the average indoor air volume rate meas-
ured during Sub-interval H, cfm. 

Cp,a = 0.24 + 0.444 · Wn, the constant pressure 
specific heat of the air-water vapor mix-
ture that flows through the indoor coil 
and is expressed on a dry air basis, Btu / 
lbmda · °F. 

vn′ = specific volume of the air-water vapor 
mixture at the nozzle, ft3 / lbmmx. 

Wn = humidity ratio of the air-water vapor 
mixture at the nozzle, lbm of water vapor 
per lbm of dry air. 

DtFR = t2 ¥ t1, the elapsed time from defrost 
termination to defrost termination, hr. 

Γ = −[ ] ⋅ °∫ T T d Fa a2 1

1

2

( ) ( ) , .τ τ τ
τ

τ

 hr

Tal(t) = dry bulb temperature of the air enter-
ing the indoor coil at elapsed time t, °F; 
only recorded when indoor coil airflow 
occurs; assigned the value of zero during 
periods (if any) where the indoor fan cy-
cles off. 

Ta2(t) = dry bulb temperature of the air leav-
ing the indoor coil at elapsed time t, °F; 

only recorded when indoor coil airflow 
occurs; assigned the value of zero during 
periods (if any) where the indoor fan cy-
cles off. 

t1 = the elapsed time when the defrost termi-
nation occurs that begins the official 
test period, hr. 

t2 = the elapsed time when the next auto-
matically occurring defrost termination 
occurs, thus ending the official test pe-
riod, hr. 

vn = specific volume of the dry air portion of 
the mixture evaluated at the dry-bulb 
temperature, vapor content, and baro-
metric pressure existing at the nozzle, ft3 
per lbm of dry air. 

To account for the effect of duct losses be-
tween the outlet of the indoor unit and the 
section 2.5.4 dry-bulb temperature grid, ad-
just Q̇h

k(35) in accordance with section 7.3.4.3 
of ASHRAE Standard 37–2005 (incorporated 
by reference, see § 430.22). 

b. Evaluate average electrical power, 
Ėh

k(35), when expressed in units of watts, 
using: 
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˙ ( )
( )

.E
e

h
k def

FR

35
35

=
Δτ

For heat pumps tested without an indoor 
fan installed, increase Q̇h

k(35) by, 

1250 Btu/h

1000 scfm
⋅ ⋅˙ ,Vs

a

FR

Δτ
Δτ

and increase Ėh
k(35) by, 

365 W

1000 scfm
⋅ ⋅˙ ,Vs

a

FR

Δτ
Δτ

where V
Ô

s is the average indoor air volume 
rate measured during the Frost Accumula-
tion heating mode test and is expressed in 
units of cubic feet per minute of standard air 
(scfm). 

c. For heat pumps having a constant-air- 
volume-rate indoor fan, the five additional 
steps listed below are required if the average 
of the external static pressures measured 
during sub-Interval H exceeds the applicable 
section 3.1.4.4, 3.1.4.5, or 3.1.4.6 minimum (or 

targeted) external static pressure (DPmin) by 
0.03 inches of water or more: 

1. Measure the average power consumption 
of the indoor fan motor (Ėfan,1) and record the 
corresponding external static pressure (DP1) 
during or immediately following the Frost 
Accumulation heating mode test. Make the 
measurement at a time when the heat pump 
is heating, except for the first 10 minutes 
after the termination of a defrost cycle. 

2. After the Frost Accumulation heating 
mode test is completed and while maintain-
ing the same test conditions, adjust the ex-
haust fan of the airflow measuring apparatus 
until the external static pressure increases 
to approximately DP1 + (DP1 ¥ DPmin). 

3. After re-establishing steady readings for 
the fan motor power and external static 
pressure, determine average values for the 
indoor fan power (Ėfan,2) and the external 
static pressure (DP2) by making measure-
ments over a 5-minute interval. 

4. Approximate the average power con-
sumption of the indoor fan motor had the 
Frost Accumulation heating mode test been 
conducted at DPmin using linear extrapo-
lation: 

˙
˙ ˙

˙, ,
min ,E

E E

P P
P P Efan fan

fanfan,min =
−
−

−( ) + ⋅2 1

2 1
1 1Δ Δ

Δ Δ

5. Decrease the total heating capacity, 
Q̇h

k(35), by the quantity [(Ėfan,1 ¥ Ėfan,min)· (Dt 

a/Dt FR], when expressed on a Btu/h basis. De-
crease the total electrical power, Eh

k(35), by 
the same quantity, now expressed in watts. 

3.9.2 Demand defrost credit. a. Assign the 
demand defrost credit, Fdef, that is used in 
section 4.2 to the value of 1 in all cases ex-
cept for heat pumps having a demand-defrost 
control system (Definition 1.21). For such 
qualifying heat pumps, evaluate Fdef using, 

Fdef
def= + ⋅ −

−
−

⎡

⎣
⎢

⎤

⎦
⎥1 0 03 1

1 5

1 5
.

.

.
,

max

Δτ
Δτ

where, 
Dtdef = the time between defrost terminations 

(in hours) or 1.5, whichever is greater. 
Dtmax = maximum time between defrosts as 

allowed by the controls (in hours) or 12, 
whichever is less. 

b. For two-capacity heat pumps and for 
section 3.6.2 units, evaluate the above equa-
tion using the Dtdef that applies based on the 
Frost Accumulation Test conducted at high 
capacity and/or at the Heating Full-loadAir 
Volume Rate. For variable-speed heat 
pumps, evaluate Dtdef based on the required 

Frost Accumulation Test conducted at the 
intermediate compressor speed. 

3.10 Test procedures for steady-state Low 
Temperature heating mode tests (the H3, 
H32, and H31 Tests). Except for the modifica-
tions noted in this section, conduct the Low 
Temperature heating mode test using the 
same approach as specified in section 3.7 for 
the Maximum and High Temperature tests. 
After satisfying the section 3.7 requirements 
for the pretest interval but before beginning 
to collect data to determine Q̇h

k(17) and 
Ėh

k(17), conduct a defrost cycle. This defrost 
cycle may be manually or automatically ini-
tiated. The defrost sequence must be termi-
nated by the action of the heat pump’s de-
frost controls. Begin the 30-minute data col-
lection interval described in section 3.7, from 
which Q̇h

k(17) and Ėh
k(17) are determined, no 

sooner than 10 minutes after defrost termi-
nation. Defrosts should be prevented over 
the 30-minute data collection interval. 

3.11 Additional requirements for the sec-
ondary test methods. 

3.11.1 If using the Outdoor Air Enthalpy 
Method as the secondary test method. Dur-
ing the ‘‘official’’ test, the outdoor air-side 
test apparatus described in section 2.10.1 is 
connected to the outdoor unit. To help com-
pensate for any effect that the addition of 
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this test apparatus may have on the unit’s 
performance, conduct a ‘‘preliminary’’ test 
where the outdoor air-side test apparatus is 
disconnected. Conduct a preliminary test 
prior to the first section 3.2 steady-state 
cooling mode test and prior to the first sec-
tion 3.6 steady-state heating mode test. No 
other preliminary tests are required so long 
as the unit operates the outdoor fan during 
all cooling mode steady-state tests at the 
same speed and all heating mode steady- 
state tests at the same speed. If using more 
than one outdoor fan speed for the cooling 
mode steady-state tests, however, conduct a 
preliminary test prior to each cooling mode 
test where a different fan speed is first used. 
This same requirement applies for the heat-
ing mode tests. 

3.11.1.1 If a preliminary test precedes the 
official test. a. The test conditions for the 
preliminary test are the same as specified 
for the official test. Connect the indoor air- 
side test apparatus to the indoor coil; dis-
connect the outdoor air-side test apparatus. 
Allow the test room reconditioning appa-
ratus and the unit being tested to operate for 
at least one hour. After attaining equi-
librium conditions, measure the following 
quantities at equal intervals that span 10 
minutes or less: 

1. The section 2.10.1 evaporator and con-
denser temperatures or pressures; 

2. Parameters required according to the In-
door Air Enthalpy Method. 

Continue these measurements until a 30- 
minute period (e.g., four consecutive 10- 
minute samples) is obtained where the Table 
7 or Table 13, whichever applies, test toler-
ances are satisfied. 

b. After collecting 30 minutes of steady- 
state data, reconnect the outdoor air-side 
test apparatus to the unit. Adjust the ex-
haust fan of the outdoor airflow measuring 
apparatus until averages for the evaporator 
and condenser temperatures, or the satu-
rated temperatures corresponding to the 
measured pressures, agree within ±0.5 °F of 
the averages achieved when the outdoor air- 
side test apparatus was disconnected. Cal-
culate the averages for the reconnected case 
using five or more consecutive readings 
taken at one minute intervals. Make these 
consecutive readings after re-establishing 
equilibrium conditions and before initiating 
the official test. 

3.11.1.2 If a preliminary test does not pre-
cede the official test. Connect the outdoor- 
side test apparatus to the unit. Adjust the 
exhaust fan of the outdoor airflow measuring 
apparatus to achieve the same external stat-
ic pressure as measured during the prior pre-
liminary test conducted with the unit oper-
ating in the same cooling or heating mode at 
the same outdoor fan speed. 

3.11.1.3 Official test. a. Continue (prelimi-
nary test was conducted) or begin (no pre-
liminary test) the official test by making 

measurements for both the Indoor and Out-
door Air Enthalpy Methods at equal inter-
vals that span 10 minutes or less. Dis-
continue these measurement only after ob-
taining a 30-minute period where the speci-
fied test condition and test operating toler-
ances are satisfied. To constitute a valid of-
ficial test: 

(1) Achieve the energy balance specified in 
section 3.1.1; and, 

(2) For cases where a preliminary test is 
conducted, the capacities determined using 
the Indoor Air Enthalpy Method from the of-
ficial and preliminary test periods must 
agree within 2.0 percent. 

b. For space cooling tests, calculate capac-
ity from the outdoor air-enthalpy measure-
ments as specified in sections 7.3.3.2 and 
7.3.3.3 of ASHRAE Standard 37–2005 (incor-
porated by reference, see § 430.22). Calculate 
heating capacity based on outdoor air-en-
thalpy measurements as specified in sections 
7.3.4.2 and 7.3.3.4.3 of the same ASHRAE 
Standard. Adjust the outdoor-side capacity 
according to section 7.3.3.4 of ASHRAE 
Standard 37–2005 (incorporated by reference, 
see § 430.22) to account for line losses when 
testing split systems. Use the outdoor unit 
fan power as measured during the official 
test and not the value measured during the 
preliminary test, as described in section 8.6.2 
of ASHRAE Standard 37–2005 (incorporated 
by reference, see § 430.22), when calculating 
the capacity. 

3.11.2 If using the Compressor Calibration 
Method as the secondary test method. 

a. Conduct separate calibration tests using 
a calorimeter to determine the refrigerant 
flow rate. Or for cases where the superheat of 
the refrigerant leaving the evaporator is less 
than 5 °F, use the calorimeter to measure 
total capacity rather than refrigerant flow 
rate. Conduct these calibration tests at the 
same test conditions as specified for the 
tests in this appendix. Operate the unit for 
at least one hour or until obtaining equi-
librium conditions before collecting data 
that will be used in determining the average 
refrigerant flow rate or total capacity. Sam-
ple the data at equal intervals that span 10 
minutes or less. Determine average flow rate 
or average capacity from data sampled over 
a 30-minute period where the Table 7 (cool-
ing) or the Table 13 (heating) tolerances are 
satisfied. Otherwise, conduct the calibration 
tests according to ASHRAE Standard 23–05 
(incorporated by reference, see § 430.22), 
ASHRAE Standard 41.9–2000 (incorporated by 
reference, see § 430.22), and section 7.4 of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22). 

b. Calculate space cooling and space heat-
ing capacities using the compressor calibra-
tion method measurements as specified in 
section 7.4.5 and 7.4.6 respectively, of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22). 
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b. Calculate space cooling and space heat-
ing capacities using the compressor calibra-
tion method measurements as specified in 
section 7.4.5 and 7.4.6 respectively, of 
ASHRAE Standard 37–2005 (incorporated by 
reference, see § 430.22). 

3.11.3 If using the Refrigerant-Enthalpy 
Method as the secondary test method. Con-
duct this secondary method according to sec-
tion 7.5 of ASHRAE Standard 37–2005 (incor-
porated by reference, see § 430.22). Calculate 
space cooling and heating capacities using 
the refrigerant-enthalpy method measure-
ments as specified in sections 7.5.4 and 7.5.5, 
respectively, of the same ASHRAE Standard. 

3.12 Rounding of space conditioning capac-
ities for reporting purposes. 

a. When reporting rated capacities, round 
them off as follows: 

1. For capacities less than 20,000 Btu/h, 
round to the nearest 100 Btu/h. 

2. For capacities between 20,000 and 37,999 
Btu/h, round to the nearest 200 Btu/h. 

3. For capacities between 38,000 and 64,999 
Btu/h, round to the nearest 500 Btu/h. 

b. For the capacities used to perform the 
section 4 calculations, however, round only 
to the nearest integer. 

4. CALCULATIONS OF SEASONAL PER-
FORMANCE DESCRIPTORS 

4.1 Seasonal Energy Efficiency Ratio 
(SEER) Calculations. SEER must be cal-
culated as follows: For equipment covered 
under sections 4.1.2, 4.1.3, and 4.1.4, evaluate 
the seasonal energy efficiency ratio, 

SEER

q T

e T

q T

N

e T

N

c j
j

c j
j

c j

j

c j

j

=
( )

( )
=

( )

( )
=

=

=

=

∑

∑

∑

∑

1

8

1

8

1

8

1

8
(4.1-1)

where, 

q T

N

c j( )
=

the ratio of the total space cooling provided 
during periods of the space cooling season 
when the outdoor temperature fell within 
the range represented by bin temperature Tj 
to the total number of hours in the cooling 
season (N), Btu/h. 

e T

N

c j( )
=

the electrical energy consumed by the test 
unit during periods of the space cooling sea-
son when the outdoor temperature fell with-
in the range represented by bin temperature 
Tj to the total number of hours in the cool-
ing season (N), W. 

Tj = the outdoor bin temperature, °F. Out-
door temperatures are grouped or ‘‘binned.’’ 
Use bins of 5 °F with the 8 cooling season bin 
temperatures being 67, 72, 77, 82, 87, 92, 97, 
and 102 °F. 

j = the bin number. For cooling season cal-
culations, j ranges from 1 to 8. 

Additionally, for sections 4.1.2, 4.1.3, and 
4.1.4, use a building cooling load, BL(Tj). 
When referenced, evaluate BL(Tj) for cooling 
using, 

BL T
T

j
j c

k

Q( ) =
−( )
−

⋅

=
65

95 65

95

11
4 1

2˙ ( )

.
( . -2)

where, 
Q̇c

k=2(95) = the space cooling capacity deter-
mined from the A2 Test and calculated as 
specified in section 3.3, Btu/h. 

1.1 = sizing factor, dimensionless. 
The temperatures 95 °F and 65 °F in the 

building load equation represent the selected 

outdoor design temperature and the zero- 
load base temperature, respectively. 

4.1.1 SEER calculations for an air condi-
tioner or heat pump having a single-speed 
compressor that was tested with a fixed- 
speed indoor fan installed, a constant-air- 
volume-rate indoor fan installed, or with no 
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indoor fan installed. a. Evaluate the seasonal 
energy efficiency ratio, expressed in units of 
Btu/watt-hour, using: 

SEER = PLF(0.5) · EERB 
where, 

EER
Q

E
B

c

c

=
˙ ( )
˙ ( )

,
82

82
the energy efficiency ratio determined from 
the B Test described in sections 3.2.1, 3.1.4.1, 
and 3.3, Btu/h per watt. 

PLF(0.5) = 1 ¥ 0.5 · CD
c, the part-load per-

formance factor evaluated at a cooling load 
factor of 0.5, dimensionless. 

b. Refer to section 3.3 regarding the defini-
tion and calculation of Q̇c(82) and Ėc(82). If 
the optional tests described in section 3.2.1 
are not conducted, set the cooling mode cy-

clic degradation coefficient, CD
c, to the de-

fault value specified in section 3.5.3. If these 
optional tests are conducted, set CD

c to the 
lower of: 

1. The value calculated as per section 3.5.3; 
or 

2. The section 3.5.3 default value of 0.25. 
4.1.2 SEER calculations for an air condi-

tioner or heat pump having a single-speed 
compressor and a variable-speed variable-air- 
volume-rate indoor fan. 

4.1.2.1 Units covered by section 3.2.2.1 
where indoor fan capacity modulation cor-
relates with the outdoor dry bulb tempera-
ture. The manufacturer must provide infor-
mation on how the indoor air volume rate or 
the indoor fan speed varies over the outdoor 
temperature range of 67 °F to 102 °F. Cal-
culate SEER using Equation 4.1–1. Evaluate 
the quantity qc(Tj)/N in Equation 4.1–1 using, 

q T

N
X T Q T

n

N

c j
j c j

j( )
= ( ) ⋅ ( ) ⋅˙ (4.1.2 -1)

where, 

X T orj

BL T Q Tj c j( ) =
⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

( ) ( )
1

˙

;

whichever is less; the cooling mode load fac-
tor for temperature bin j, dimensionless. 
Q̇c(Tj) = the space cooling capacity of the test 
unit when operating at outdoor temperature, 
Tj, Btu/h. 

nj/N = fractional bin hours for the cooling 
season; the ratio of the number of hours dur-
ing the cooling season when the outdoor 
temperature fell within the range rep-
resented by bin temperature Tj to the total 
number of hours in the cooling season, 
dimensionless. 

a. For the space cooling season, assign nj/N 
as specified in Table 16. Use Equation 4.1–2 to 
calculate the building load, BL(Tj). Evaluate 
Q̇c(Tj) using, 

˙ ˙
˙ ˙

Q T Q T
Q T Q T

FP FP
FP T FPc j c

k
j

c
k

j c
k

j

c
k

c
k c j c

k( ) = ( ) +
( ) − ( )

−
⋅ ( ) −[ ]=

= =

= =
=1

2 1

2 1
1 (4.1.2-2)

where, 

˙ ˙ ( )
˙ ( ) ˙ ( )

,Q T Q
Q Q

c
k

j c
k c

k
c
k

= =
= =

( ) = +
−
−

⋅ −( )1 1
1 1

82
95 82

95 82
82 Tj

the space cooling capacity of the test unit at 
outdoor temperature Tj if operated at the 
Cooling Minimum Air Volume Rate, Btu/h. 
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˙ ˙ ( )
˙ ( ) ˙ ( )

,Q T Q
Q Q

c
k

j c
k c

k
c
k

= =
= =

( ) = +
−
−

⋅ −( )2 2
2 2

82
95 82

95 82
82 Tj

the space cooling capacity of the test unit at 
outdoor temperature Tj if operated at the 
Cooling Full-load Air Volume Rate, Btu/h. 

b. For units where indoor fan speed is the 
primary control variable, FPc

k=1 denotes the 
fan speed used during the required A1 and B1 
Tests (see section 3.2.2.1), FPc

k=2 denotes the 
fan speed used during the required A2 and B2 
Tests, and FPc(Tj) denotes the fan speed used 
by the unit when the outdoor temperature 

equals Tj. For units where indoor air volume 
rate is the primary control variable, the 
three FPc’s are similarly defined only now 
being expressed in terms of air volume rates 
rather than fan speeds. Refer to sections 
3.2.2.1, 3.1.4 to 3.1.4.2, and 3.3 regarding the 
definitions and calculations of Q̇c

k=1(82), 
Q̇c

k=1(95),Q̇c
k=2(82), and Q̇c

k=2(95). 

Calculate ec(Tj)/N in Equation 4.1–1 using, 

e T

N

X T E T

PLF

n

N

c j j c j

j

j( )
=

( ) ⋅ ( )
⋅

˙
( . .4 1 2-3)

where, 
PLFj = 1 ¥ CD

c · [1 ¥ X(Tj)], the part load 
factor, dimensionless. 

Ėc(Tj) = the electrical power consumption of 
the test unit when operating at outdoor 
temperature Tj, W. 

c. The quantities X(Tj) and nj /N are the 
same quantities as used in Equation 4.1.2–1. 
If the optional tests described in section 

3.2.2.1 and Table 4 are not conducted, set the 
cooling mode cyclic degradation coefficient, 
CD

c, to the default value specified in section 
3.5.3. If these optional tests are conducted, 
set CD

c to the lower of: 
1. The value calculated as per section 3.5.3; 

or 
2 .The section 3.5.3 default value of 0.25. 
d. Evaluate Ėc(Tj) using, 

˙ ˙
˙ ˙

( . .E T E T
E T E T

FP FP
FP T FPc j c

k
j

c
k

j c
k

j

c
k

c
k c j c

k( ) = ( ) +
( ) − ( )

−
⋅ ( ) −[ ]=

= =

= =
=1

2 1

2 1
1 4 1 2-4)

where 

˙ ˙ ( )
˙ ( ) ˙ ( )

,E T E
E E

c
k

j c
k c

k
c
k

= =
= =

( ) = +
−
−

⋅ −( )1 1
1 1

82
95 82

95 82
82 Tj

the electrical power consumption of the test 
unit at outdoor temperature Tj if operated at 
the Cooling Minimum Air Volume Rate, W. 

˙ ˙ ( )
˙ ( ) ˙ ( )

,E T E
E E

c
k

j c
k c

k
c
k

= =
= =

( ) = +
−
−

⋅ −( )2 2
2 2

82
95 82

95 82
82 Tj
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the electrical power consumption of the test 
unit at outdoor temperature Tj if operated at 
the Cooling Full-load Air Volume Rate, W. 

e. The parameters FPc
k=1, and FPc

k=2, and 
FPc(Tj) are the same quantities that are used 
when evaluating Equation 4.1.2–2. Refer to 
sections 3.2.2.1, 3.1.4 to 3.1.4.2, and 3.3 regard-
ing the definitions and calculations of 
Ėc

k=1(82), Ėc
k=1(95), Ėc

k=2(82), and Ėc
k=2(95). 

4.1.2.2 Units covered by section 3.2.2.2 
where indoor fan capacity modulation is 

used to adjust the sensible to total cooling 
capacity ratio. Calculate SEER as specified 
in section 4.1.1. 

4.1.3 SEER calculations for an air condi-
tioner or heat pump having a two-capacity 
compressor. Calculate SEER using Equation 
4.1–1. Evaluate the space cooling capacity, 
Q̇c

k=1 (Tj), and electrical power consumption, 
Ėc

k=1 (Tj), of the test unit when operating at 
low compressor capacity and outdoor tem-
perature Tj using, 

where Q̇c
k=1 (82) and Ėc

k=1 (82) are determined 
from the B1 Test, Q̇c

k=1 (67) and Ėc
k=1 (67) are 

determined from the F1 Test, and all four 
quantities are calculated as specified in sec-
tion 3.3. Evaluate the space cooling capacity, 

Q̇c
k=2 (Tj), and electrical power consumption, 

Ėc
k=2 (Tj), of the test unit when operating at 

high compressor capacity and outdoor tem-
perature Tj using, 

˙ ˙
˙ ˙

( . .E T E
E E

Tc
k

j c
k c

k
c
k

j
= =

= =

( ) = ( ) + ( ) − ( )
−

⋅ −( )2 2
2 2

82
95 82

95 82
82 4 13-4)

where Q̇c
k=2(95) and Ėc

k=2(95) are determined 
from the A2 Test, Q̇c

k=2(82), and Ėc
k=2(82), 

are determined from the B2 Test, and all 
are calculated as specified in section 3.3. 

The calculation of Equation 4.1–1 quan-
tities qc(Tj)/N and ec(Tj)/N differs depending 
on whether the test unit would operate at 
low capacity (section 4.1.3.1), cycle between 
low and high capacity (section 4.1.3.2), or op-
erate at high capacity (sections 4.1.3.3 and 
4.1.3.4) in responding to the building load. 
For units that lock out low capacity oper-
ation at higher outdoor temperatures, the 
manufacturer must supply information re-
garding this temperature so that the appro-
priate equations are used. Use Equation 4.1– 
2 to calculate the building load, BL(Tj), for 
each temperature bin. 

4.1.3.1 Steady-state space cooling capacity 
at low compressor capacity is greater than 
or equal to the building cooling load at tem-
perature Tj, Q̇c

k=1(Tj) ≥BL(Tj). 

q T

N
X T Q T

n

N

e T

N

X T E T

PLF

n

N

c j k
j c

k
j

j

c j
k

j c
k

j

j

j

( )
= ( ) ⋅ ( ) ⋅

( )
=

( ) ⋅ ( )
⋅

= =

= =

1 1

1 1

˙

˙

where, 
Xk=1(Tj) = BL(Tj)/Q̇c

k=1(Tj), the cooling mode 
low capacity load factor for temperature 
bin j, dimensionless. 

PLFj = 1 ¥ CD
c · [1 ¥ Xk=1(Tj)], the part load 

factor, dimensionless. 

n

N
j =

fractional bin hours for the cooling season; 
the ratio of the number of hours during the 
cooling season when the outdoor tempera-
ture fell within the range represented by bin 
temperature Tj to the total number of hours 
in the cooling season, dimensionless. 
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Obtain the fractional bin hours for the 
cooling season, nj/N, from Table 16. Use 
Equations 4.1.3–1 and 4.1.3–2, respectively, to 
evaluate Q̇c

k=1(Tj) and Ėc
k=1(Tj). If the optional 

tests described in section 3.2.3 and Table 5 
are not conducted, set the cooling mode cy-
clic degradation coefficient, CD

c, to the de-

fault value specified in section 3.5.3. If these 
optional tests are conducted, set CD

c to the 
lower of: 

a. The value calculated according to sec-
tion 3.5.3; or 

b. The section 3.5.3 default value of 0.25. 

TABLE 16—DISTRIBUTION OF FRACTIONAL HOURS WITHIN COOLING SEASON TEMPERATURE BINS 

Bin number, j Bin temperature 
range °F 

Representative 
temperature for 

bin °F 

Fraction of of total temperature 
bin hours, nj/N 

1 ................................................................................... 65–69 67 0.214 
2 ................................................................................... 70–74 72 0.231 
3 ................................................................................... 75–79 77 0.216 
4 ................................................................................... 80–84 82 0.161 
5 ................................................................................... 85–89 87 0.104 
6 ................................................................................... 90–94 92 0.052 
7 ................................................................................... 95–99 97 0.018 
8 ................................................................................... 100–104 102 0.004 

4.1.3.2 Unit alternates between high (k=2) 
and low (k=1) compressor capacity to satisfy 

the building cooling load at temperature Tj, 
Q̇c

k=1(Tj) <BL(Tj) <Q̇c
k=2(Tj). 

q T

N
X T Q T X T Q T

n

N

e T

N
X T E T X T E T

n

N

c j k
j c

k
j

k
j c

k
j

j

c j k
j c

k
j

k
j c

k
j

j

( )
= ( ) ⋅ ( ) + ( ) ⋅ ( )[ ] ⋅

( )
= ( ) ⋅ ( ) + ( ) ⋅ ( )[ ] ⋅

= = = =

= = = =

1 1 2 2

1 1 2 2

˙ ˙

˙ ˙

where, 

X T
Q T BL T

Q T Q T
k

j
c
k

j j

c
k

j c
k

j

=
=

= =( ) =
( ) − ( )

( ) − ( )
1

2

2 1

˙

˙ ˙
,

the cooling mode, low capacity load factor 
for temperature bin j, dimensionless. 

Xk=2(Tj) = 1 ¥ Xk=1(Tj), the cooling mode, high 
capacity load factor for temperature bin 
j, dimensionless. 

Obtain the fractional bin hours for the 
cooling season, nj/N, from Table 16. Use 
Equations 4.1.3–1 and 4.1.3–2, respectively, to 
evaluate Q̇c

k=1(Tj) and Ėc
k=1(Tj). Use Equations 

4.1.3–3 and 4.1.3–4, respectively, to evaluate 
Q̇c

k=2(Tj) and Ėc
k=2(Tj). 

4.1.3.3 Unit only operates at high (k=2) 
compressor capacity at temperature Tj and 
its capacity is greater than the building 
cooling load, BL(Tj) <Q̇c

k=2(Tj). This section 
applies to units that lock out low com-
pressor capacity operation at higher outdoor 
temperatures. 

q T

N
X T Q T

n

N

e T

N

X T E T

PLF

n

N

c j k
j c

k
j

j

c j
k

j c
k

j

j

j

( )
= ( ) ⋅ ( ) ⋅

( )
=

( ) ⋅ ( )
⋅

= =

= =

2 2

2 2

˙

˙

where, 
Xk=2(Tj) = BL(Tj)/Q̇c

k=2(Tj), the cooling mode 
high capacity load factor for tempera-
ture bin j, dimensionless. 

PLF C k X Tj D
c k

j= − = ⋅ −⎡⎣ ⎤⎦
=1 2 1 2( ) ( ) ,

the part load factor, dimensionless. 

Obtain the fraction bin hours for the cool-
ing season, 

n

N
j ,

from Table 16. Use Equations 4.1.3–3 and 
4.1.3–4, respectively, to evaluate Q̇c

k=2 (Tj) and 
Ėc

k=2 (Tj). If the optional C2 and D2 Tests de-
scribed in section 3.2.3 and Table 5 are not 
conducted, set CD

c (k=2) equal to the default 
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value specified in section 3.5.3. If these op-
tional tests are conducted, set CD

c (k=2) to 
the lower of: 

a. the CD
c (k=2) value calculated as per sec-

tion 3.5.3; or 
b. the section 3.5.3 default value for CD

c 
(k=2) . 

4.1.3.4 Unit must operate continuously at 
high (k=2) compressor capacity at tempera-
ture Tj, BL(Tj) ≥Q̇c

k=2(Tj). 

q T

N
Q T

n

N

e T

N
E T

n

N

c j
c
k

j
j

c j
c
k

j
j

( )
= ( ) ⋅

( )
= ( ) ⋅ ⋅

=

=

˙

˙

2

2

Obtain the fractional bin hours for the 
cooling season, nj/N, from Table 16. Use 
Equations 4.1.3–3 and 4.1.3–4, respectively, to 
evaluate Q̇c

k=2(Tj) and Ėc
k=2(Tj). 

4.1.4 SEER calculations for an air condi-
tioner or heat pump having a variable-speed 
compressor. Calculate SEER using Equation 
4.1–1. Evaluate the space cooling capacity, 
Q̇c

k=1(Tj), and electrical power consumption, 
Ėc

k=1(Tj), of the test unit when operating at 
minimum compressor speed and outdoor 
temperature Tj. Use, 

˙ ˙
˙ ˙

( . .4 )Q T Q
Q Q
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k

j c
k c

k
c
k

j
= =

= =

( ) = ( ) + ( ) − ( )
−

⋅ −( )1 1
1 1
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82 67

82 67
67 4 1 1-

˙ ˙
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E E

Tc
k

j c
k c
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= =
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( ) = ( ) + ( ) − ( )
−

⋅ −( )1 1
1 1
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82 67

82 67
67 4 1 2-

where Q̇c
k=1(82) and Ėc

k=1(82) are determined 
from the B1 Test, Q̇c

k=1(67) and Ėc
k=1(67) are 

determined from the F1 Test, and all four 
quantities are calculated as specified in sec-
tion 3.3. Evaluate the space cooling capacity, 
Q̇c

k=2(Tj), and electrical power consumption, 
Ėc

k=2(Tj), of the test unit when operating at 
maximum compressor speed and outdoor 
temperature Tj. Use Equations 4.1.3–3 and 
4.1.3–4, respectively, where Q̇c

k=2(95) and 

Ėc
k=2(95) are determined from the A2 Test, 

Q̇c
k=2(82) and Ėc

k=2(82) are determined from 
the B2 Test, and all four quantities are cal-
culated as specified in section 3.3. Calculate 
the space cooling capacity, Q̇c

k=v(Tj), and 
electrical power consumption, Ėc

k=v(Tj), of 
the test unit when operating at outdoor tem-
perature Tj and the intermediate compressor 
speed used during the section 3.2.4 (and Table 
6) EV Test using, 
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⎤

⎦
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2 295 82

95 82

Ėc
k

4.1.4.1 Steady-state space cooling capacity 
when operating at minimum compressor 
speed is greater than or equal to the building 
cooling load at temperature Tj, Q̇c

k=1(Tj) 
≥BL(Tj). 

q T

N
X T Q T

n

N

e T

N

X T E T

PLF

n

N

c j k
j c

k
j

j

c j
k

j c
k

j

J

j

( )
= ( ) ⋅ ( ) ⋅

( )
=

( ) ⋅ ( )
⋅

= =

= =

1 1

1 1

˙

˙

where, 
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Xk=1(Tj) = BL(Tj) / Q̇c
k=1(Tj), the cooling mode 

minimum speed load factor for tempera-
ture bin j, dimensionless. 

PLFj = 1 ¥ CD
c · [1 ¥ Xk=1(Tj)], the part load 

factor, dimensionless. 
nj/N = fractional bin hours for the cooling 

season; the ratio of the number of hours 
during the cooling season when the out-
door temperature fell within the range 
represented by bin temperature Tj to the 
total number of hours in the cooling sea-
son, dimensionless. 

Obtain the fractional bin hours for the 
cooling season, nj/N, from Table 16. Use 
Equations 4.1.3–1 and 4.1.3–2, respectively, to 
evaluate Q̇c

k=l (Tj) and Ėc
k=l (Tj). If the op-

tional tests described in section 3.2.4 and 
Table 6 are not conducted, set the cooling 
mode cyclic degradation coefficient, CD

c, to 
the default value specified in section 3.5.3. If 
these optional tests are conducted, set CD

c to 
the lower of: 

a. The value calculated according to sec-
tion 3.5.3; or 

b. The section 3.5.3 default value of 0.25. 
4.1.4.2 Unit operates at an intermediate 

compressor speed (k=i) in order to match the 
building cooling load at temperature 
Tj,Q̇c

k=1(Tj) <BL(Tj) <Q̇c
k=2(Tj). 

q T

N
Q T

n

N

e T

N
E T

n

N

c j
c
k i

j
j

c j
c
k i

j
j

( )
= ( ) ⋅

( )
= ( ) ⋅

=

=

˙

˙

where, 

Q̇c
k=i(Tj) = BL(Tj), the space cooling capacity 

delivered by the unit in matching the 
building load at temperature Tj, Btu/h. 
The matching occurs with the unit oper-
ating at compressor speed k = i. 

˙
˙

,E T
Q T

EER T
c
k i

j
c
k i

j

k i
j

=
=

=( ) =
( )

( )
the electrical power input required by the 
test unit when operating at a compressor 
speed of k = i and temperature Tj, W. 

EER k=i(Tj) = the steady-state energy effi-
ciency ratio of the test unit when oper-
ating at a compressor speed of k = i and 
temperature Tj, Btu/h per W. 

Obtain the fractional bin hours for the 
cooling season, nj/N, from Table 16. For each 
temperature bin where the unit operates at 
an intermediate compressor speed, deter-
mine the energy efficiency ratio EER k=i(Tj) 
using, 

EER k=i(Tj) = A + B · Tj + C · Tj
2. 

For each unit, determine the coefficients 
A, B, and C by conducting the following cal-
culations once: 

D
T T

T T

B
EER T EER T D EER T EER T

T T D T T

C
EER T EER T B T T

T T

A EER T

v

k k k k v
v

v

k k

k

= −
−

=
( ) − ( ) − ⋅ ( ) − ( )[ ]

− − ⋅ −( )

=
( ) − ( ) − ⋅ −( )

−

=

= = = =

= =

=

2
2

1
2

2
1
2

1
1

2
2

1
1

1 2 1

1
1

2
2 1 2

1
2

2
2

2
2(( ) − ⋅ − ⋅B T C T2 2

2

where, 

T1 = the outdoor temperature at which the 
unit, when operating at minimum com-
pressor speed, provides a space cooling ca-
pacity that is equal to the building load 
(Q̇c

k=l (Tl) = BL(T1)), °F. Determine T1 by 
equating Equations 4.1.3–1 and 4.1–2 and solv-
ing for outdoor temperature. Tv = the out-
door temperature at which the unit, when 
operating at the intermediate compressor 

speed used during the section 3.2.4 EV Test, 
provides a space cooling capacity that is 
equal to the building load (Q̇c

k=v (Tv) = 
BL(Tv)), °F. Determine Tv by equating Equa-
tions 4.1.4–1 and 4.1–2 and solving for outdoor 
temperature. 
T2 = the outdoor temperature at which the 

unit, when operating at maximum com-
pressor speed, provides a space cooling 
capacity that is equal to the building 
load (Q̇c

k=2 (T2) = BL(T2)), °F. Determine 
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T2 by equating Equations 4.1.3–3 and 4.1– 
2 and solving for outdoor temperature. 

EER T
Q T

E T

EER T
Q T

E T

k c
k

c
k

k v
v

c
k v

v

c
k v

v

=
=

=

=
=

=

( ) =
( ) [ ]
( ) [ ]

( ) =
( ) [ ]
( ) [ ]

1
1

1
1

1
1

˙

˙
,

˙

˙

 Eqn.  4.1.4-1,  substituting T  for T

 Eqn.  4.1.4-2,  substituting T  for T
 Btu/h per W.

 Eqn.  4.1.4-3,  substituting T  for T

 Eqn.  4.1.4-4,  substituting T  for T

1 j

1 j

v j

v j

,,

˙

˙
,

 Btu/h per W.

 Eqn.  4.1.3- ,  substituting T  for T

 Eqn.  4.1.3-4,  substituting T  for T
 Btu/h per W.

2 j

2 j

EER T
Q T

E T
k c

k

c
k

=
=

=( ) =
( ) [ ]
( ) [ ]

2
2

2
2

2
2

3

4.1.4.3 Unit must operate continuously at 
maximum (k=2) compressor speed at tem-
perature Tj, BL(Tj) ≥Q̇c

k=2(Tj). Evaluate the 
Equation 4.1–1 quantities 

q T

N

T

N

c j j( ) ( )
 and 

ec

as specified in section 4.1.3.4 with the under-
standing that Q̇c

k=2(Tj) and Ėc
k=2(Tj) cor-

respond to maximum compressor speed oper-

ation and are derived from the results of the 
tests specified in section 3.2.4. 

4.2 Heating Seasonal Performance Factor 
(HSPF) Calculations. Unless an approved al-
ternative rating method is used, as set forth 
in 10 CFR 430.24(m), subpart B, HSPF must 
be calculated as follows: Six generalized cli-
matic regions are depicted in Figure 2 and 
otherwise defined in Table 17. For each of 
these regions and for each applicable stand-
ardized design heating requirement, evaluate 
the heating seasonal performance factor 
using, 

HSPF

n BL T

e T RH T

F

n

N
BL T

e T

N

RH T

N

F
j j

j

J

h j j
j

J

j

J def

j
j

j

J

h j j

j

J

j

J
def=

⋅ ( )

( ) + ( )
⋅ =

⋅ ( )⎡
⎣
⎢

⎤
⎦
⎥

( )
+

( ) ⋅ ( )
∑

∑∑

∑

∑∑
4 2. -1

where, 
eh(Tj) / N = 
The ratio of the electrical energy consumed 
by the heat pump during periods of the space 
heating season when the outdoor tempera-
ture fell within the range represented by bin 
temperature Tj to the total number of hours 
in the heating season (N), W. For heat pumps 
having a heat comfort controller, this ratio 
may also include electrical energy used by 
resistive elements to maintain a minimum 
air delivery temperature (see 4.2.5). 
RH(Tj) / N= 
The ratio of the electrical energy used for re-
sistive space heating during periods when 
the outdoor temperature fell within the 
range represented by bin temperature Tj to 
the total number of hours in the heating sea-
son (N), W. Except as noted in section 4.2.5, 
resistive space heating is modeled as being 

used to meet that portion of the building 
load that the heat pump does not meet be-
cause of insufficient capacity or because the 
heat pump automatically turns off at the 
lowest outdoor temperatures. For heat 
pumps having a heat comfort controller, all 
or part of the electrical energy used by resis-
tive heaters at a particular bin temperature 
may be reflected in eh(Tj) / N (see 4.2.5). 

Tj = the outdoor bin temperature, °F. Out-
door temperatures are ‘‘binned’’ such 
that calculations are only performed 
based one temperature within the bin. 
Bins of 5 °F are used. 

nj / N= 

Fractional bin hours for the heating season; 
the ratio of the number of hours during the 
heating season when the outdoor tempera-
ture fell within the range represented by bin 
temperature Tj to the total number of hours 
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in the heating season, dimensionless. Obtain 
nj/N values from Table 17. 

j = the bin number, dimensionless. 
J = for each generalized climatic region, the 

total number of temperature bins, 
dimensionless. Referring to Table 17, J is 
the highest bin number (j) having a 
nonzero entry for the fractional bin 

hours for the generalized climatic region 
of interest. 

Fdef = the demand defrost credit described in 
section 3.9.2, dimensionless. 

BL(Tj) = the building space conditioning load 
corresponding to an outdoor temperature 
of Tj; the heating season building load 
also depends on the generalized climatic 
region’s outdoor design temperature and 
the design heating requirement, Btu/h. 

TABLE 17—GENERALIZED CLIMATIC REGION INFORMATION 

Region Number ............................................................. I II III IV V VI 
Heating Load Hours, HLH ............................................. 750 1250 1750 2250 2750 *2750 
Outdoor Design Temperature, TOD ............................... 37 27 17 5 ¥10 30 

j Tj (°F) .................................................................. Fractional Bin Hours, nj/N 

1 62 ....................................................................... .291 .215 .153 .132 .106 .113 
2 57 ....................................................................... .239 .189 .142 .111 .092 .206 
3 52 ....................................................................... .194 .163 .138 .103 .086 .215 
4 47 ....................................................................... .129 .143 .137 .093 .076 .204 
5 42 ....................................................................... .081 .112 .135 .100 .078 .141 
6 37 ....................................................................... .041 .088 .118 .109 .087 .076 
7 32 ....................................................................... .019 .056 .092 .126 .102 .034 
8 27 ....................................................................... .005 .024 .047 .087 .094 .008 
9 22 ....................................................................... .001 .008 .021 .055 .074 .003 

10 17 ....................................................................... 0 .002 .009 .036 .055 0 
11 12 ....................................................................... 0 0 .005 .026 .047 0 
12 7 ......................................................................... 0 0 .002 .013 .038 0 
13 2 ......................................................................... 0 0 .001 .006 .029 0 
14 ¥3 ...................................................................... 0 0 0 .002 .018 0 
15 ¥8 ...................................................................... 0 0 0 .001 .010 0 
16 ¥13 .................................................................... 0 0 0 0 .005 0 
17 ¥18 .................................................................... 0 0 0 0 .002 0 
18 ¥23 .................................................................... 0 0 0 0 .001 0 

* Pacific Coast Region. 

Evaluate the building heating load using 

BL T
T

T
C DHRj

j

OD
( ) =

−( )
−

⋅ ⋅
65

65
4 2( . -2)

where, 

TOD = the outdoor design temperature, °F. 
An outdoor design temperature is speci-
fied for each generalized climatic region 
in Table 17. 

C = 0.77, a correction factor which tends to 
improve the agreement between cal-

culated and measured building loads, 
dimensionless. 

DHR = the design heating requirement (see 
Definition 1.22), Btu/h. 

Calculate the minimum and maximum de-
sign heating requirements for each general-
ized climatic region as follows: 

DHR

Q
T

h
k OD

min

˙ ( )

˙ ( ),

=

⋅
−⎡

⎣⎢
⎤
⎦⎥

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

⎫

⎬

⎪
⎪⎪

⎭

⎪
⎪
⎪

47
65

60

47

,  for Regions I,  II,  III,  IV,  &  VI

Q                          for Region V

Rounded to the nearest
standardized DHR
given in Table 18.         

h
k
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and 

DHR

,  for Regions I,  II,  III,  IV,  &  VI

2.2 Q                      for Region V

Rounded to the nearest
standardized DHR
given in Table 18.

max

h
k

=

⋅ ⋅
−⎡

⎣⎢
⎤
⎦⎥

⋅

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

⎫

⎬

⎪
⎪⎪

⎭

⎪
⎪
⎪

2 47
65

60

47

˙ ( )

˙ ( ),

Q
T

h
k OD

where Q̇h
k(47) is expressed in units of Btu/h 

and otherwise defined as follows: 
1. For a single-speed heat pump tested as 

per section 3.6.1, Q̇h
k(47) = Q̇h(47), the space 

heating capacity determined from the H1 
Test. 

2. For a variable-speed heat pump, a sec-
tion 3.6.2 single-speed heat pump, or a two- 
capacity heat pump not covered by item 3, 
Q̇n

k(47) = Q̇n
k=2(47), the space heating capacity 

determined from the H12 Test. 
3. For two-capacity, northern heat pumps 

(see Definition 1.46), Q̇k
h(47) = Q̇k=1

h(47), the 
space heating capacity determined from the 
H11 Test. 

If the optional H1N Test is conducted on a 
variable-speed heat pump, the manufacturer 
has the option of defining Q̇k

h(47) as specified 
above in item 2 or as Q̇k

h(47)=Q̇k=N
h(47), the 

space heating capacity determined from the 
H1N Test. 

For all heat pumps, HSPF accounts for the 
heating delivered and the energy consumed 
by auxiliary resistive elements when oper-
ating below the balance point. This condi-
tion occurs when the building load exceeds 
the space heating capacity of the heat pump 

condenser. For HSPF calculations for all 
heat pumps, see either section 4.2.1, 4.2.2, 
4.2.3, or 4.2.4, whichever applies. 

For heat pumps with heat comfort control-
lers (see Definition 1.28), HSPF also accounts 
for resistive heating contributed when oper-
ating above the heat-pump-plus-comfort-con-
troller balance point as a result of maintain-
ing a minimum supply temperature. For 
heat pumps having a heat comfort con-
troller, see section 4.2.5 for the additional 
steps required for calculating the HSPF. 

TABLE 18—STANDARDIZED DESIGN HEATING 
REQUIREMENTS (BTU/H) 

5,000 .............................. 25,000 50,000 90,000 
10,000 ............................ 30,000 60,000 100,000 
15,000 ............................ 35,000 70,000 110,000 
20,000 ............................ 40,000 80,000 130,000 

4.2.1 Additional steps for calculating the 
HSPF of a heat pump having a single-speed 
compressor that was tested with a fixed- 
speed indoor fan installed, a constant-air- 
volume-rate indoor fan installed, or with no 
indoor fan installed. 

e T

N

X T E T T

PLF

n

N

h j j h j j

j

j( )
=

( ) ⋅ ( ) ⋅ ( )
⋅

˙
( . . )

δ
4 2 1 1-

RH T

N

BL T X T Q T T

Btu h
W

n

N

j j j h j j j( )
=

( ) − ( ) ⋅ ( ) ⋅ ( )[ ]
⋅ ( )

˙

.413
/ . .

δ

3
4 2 1 2-

where, 

X T
BL T Q T

orj

J h j

( ) =
( ) ( )⎧

⎨
⎪

⎩
⎪

⎫

⎬
⎪

⎭
⎪

˙

1

whichever is less; the heating mode load fac-
tor for temperature bin j, dimensionless. 
Q̇h(Tj) = the space heating capacity of the 

heat pump when operating at outdoor 
temperature Tj, Btu/h. 

Ėh(Tj) = the electrical power consumption of 
the heat pump when operating at out-
door temperature Tj, W. 
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d(Tj) = the heat pump low temperature cut- 
out factor, dimensionless. 

PLFj = 1 ¥ ĊD
h · [1 ¥X(Tj)] the part load fac-

tor, dimensionless. 

Use Equation 4.2–2 to determine BL(Tj). 
Obtain fractional bin hours for the heating 
season, nj/N, from Table 17. If the optional 
H1C Test described in section 3.6.1 is not con-

ducted, set the heating mode cyclic degrada-
tion coefficient, CD

h, to the default value 
specified in section 3.8.1. If this optional test 
is conducted, set ĊD

h to the lower of: 
a. The value calculated according to sec-

tion 3.8.1 or 
b. The section 3.8.1 default value of 0.25. 
Determine the low temperature cut-out 

factor using 

δ T

T
T

E T

T T
T

E T

T
T

E T

j

off
j

h j

j on
j

h j

on
j

h j
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≤
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⋅ ( ) <

< ≤
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⋅ ( ) ≥

⎧
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⎪
⎪
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⎩
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⎪
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≥

0
3

1

1 2
3

1
3

1

1 4 2 1 3

,
˙

.413 ˙

/ ,
˙

.413 ˙

,
˙

.413 ˙

( . . )

 if T  or
Q

 if T  and
Q

 if T  and
Q

-

j 
h

off
h

j
h

where, 
Toff = the outdoor temperature when the 

compressor is automatically shut off, °F. 
(If no such temperature exists, Tj is al-
ways greater than Toff and Ton). 

Ton = the outdoor temperature when the 
compressor is automatically turned back 
on, if applicable, following an automatic 
shut-off, °F. 

Calculate Q̇h(Tj) and Ėh(Tj) using, 

˙

˙
˙ ˙

,

˙
˙ ˙

,
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⎩⎩
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⎪

where Q̇h(47) and Ėh(47) are determined from 
the H1 Test and calculated as specified in 
section 3.7; Q̇h(35) and Ėh(35) are determined 
from the H2 Test and calculated as specified 
in section 3.9.1; and Q̇h(17) and Ėh(17) are de-
termined from the H3 Test and calculated as 
specified in section 3.10. 

4.2.2 Additional steps for calculating the 
HSPF of a heat pump having a single-speed 
compressor and a variable-speed, variable- 
air-volume-rate indoor fan. The manufac-
turer must provide information about how 
the indoor air volume rate or the indoor fan 
speed varies over the outdoor temperature 
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range of 65 °F to ¥23 °F. Calculate the quan-
tities 

e T

N
and

RH T

N

h j j( ) ( )
  

in Equation 4.2–1 as specified in section 4.2.1 
with the exception of replacing references to 
the H1C Test and section 3.6.1 with the H1C1 
Test and section 3.6.2. In addition, evaluate 
the space heating capacity and electrical 
power consumption of the heat pump Q̇h(Tj) 
and Ėh(Tj) using 
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k( ) = ( ) +
( ) − ( )

−
⋅ ( ) −[ ]=

= =

= =
=1

2 1

2 1
1 4 2 2-1)

˙ ˙
˙ ˙

( . .E T E T
E T E T

FP FP
FP T FPh j h

k
j

h
k

j h
k
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h
k

h
k h j h

k( ) = ( ) +
( ) − ( )

−
⋅ ( ) −[ ]=

= =

= =
=1

2 1

2 1
1 4 2 2-2)

where the space heating capacity and elec-
trical power consumption at both low capac-

ity (k=1) and high capacity (k=2) at outdoor 
temperature Tj are determined using 

˙

˙
˙ ˙

,

˙
˙ ˙

,

Q T

Q
Q Q T

F F

Q
Q Q T

F T F

h
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h
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k h
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h
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( ) +
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−
≥ ° ≤ °
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−
° < °

⎧

⎨

⎪
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⎪
⎪
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 if T   or T  

 if 17 < 45  

j j

(( . .4 2 2- 3)

˙
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˙
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F T F
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j

h
k h

k
h
k

j

h
k h

k
h
k

j
j

( ) =

( ) +
( ) − ( )[ ]⋅ −( )

−
≥ ° ≤ °

( ) +
( ) − ( )[ ]⋅ −( )

−
° < °

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

17
47 17 17

47 17
45 17

17
35 17 17

35 17

 if T   or T  

 if 17 < 45  

j j

44 2 2. . -4)

For units where indoor fan speed is the pri-
mary control variable, FPh

k=1 denotes the fan 
speed used during the required H11 and H31 
Tests (see Table 10), FPh

k=2 denotes the fan 
speed used during the required H12, H22, and 
H32 Tests, and FPh(Tj) denotes the fan speed 
used by the unit when the outdoor tempera-
ture equals Tj. For units where indoor air 
volume rate is the primary control variable, 
the three FPh’s are similarly defined only 
now being expressed in terms of air volume 
rates rather than fan speeds. Determine 
Q̇h

k=1(47) and Ėh
k=1(47) from the H11 Test, and 

Q̇h
k=2(47) and Ėh

k=2(47) from the H12 Test. Cal-
culate all four quantities as specified in sec-
tion 3.7. Determine Q̇h

k=1(35) and Ėh
k=1(35) as 

specified in section 3.6.2; determine Q̇h
k=2(35) 

and Ėh
k=2(35) and from the H22 Test and the 

calculation specified in section 3.9. Deter-
mine Q̇h

k=1(17) and Ėh
k=1(17 from the H31 Test, 

and Q̇h
k=2(17) and Ėh

k=2(17) from the H32 Test. 
Calculate all four quantities as specified in 
section 3.10. 

4.2.3 Additional steps for calculating the 
HSPF of a heat pump having a two-capacity 
compressor. The calculation of the Equation 
4.2–1 quantities 

e T

N

h j( ) ( )
 and 

RH T

N

j

differs depending upon whether the heat 
pump would operate at low capacity (section 
4.2.3.1), cycle between low and high capacity 
(Section 4.2.3.2), or operate at high capacity 
(sections 4.2.3.3 and 4.2.3.4) in responding to 
the building load. For heat pumps that lock 
out low capacity operation at low outdoor 
temperatures, the manufacturer must supply 
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information regarding the cutoff tempera-
ture(s) so that the appropriate equations can 
be selected. 

a. Evaluate the space heating capacity and 
electrical power consumption of the heat 
pump when operating at low compressor ca-
pacity and outdoor temperature Tj using 

˙

˙
˙ ˙

,

˙
˙ ˙
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j

b. Evaluate the space heating capacity and 
electrical power consumption (Q̇h

k=2(Tj) and 
Ėh

k=2 (Tj)) of the heat pump when operating 
at high compressor capacity and outdoor 
temperature Tj by solving Equations 4.2.2–3 
and 4.2.2–4, respectively, for k=2. Determine 
Q̇h

k=1(62) and Ėh
k=1(62) from the H01 Test, 

Q̇h
k=1(47) and Ėh

k=1(47) from the H11 Test, and 
Q̇h

k=2(47) and Ėh
k=2(47) from the H12 Test. Cal-

culate all six quantities as specified in sec-
tion 3.7. Determine Q̇h

k=2(35) and Ėh
k=2(35) 

from the H22 Test and, if required as de-
scribed in section 3.6.3, determine Q̇h

k=1(35) 

and Ėh
k=1(35) from the H21 Test. Calculate the 

required 35 °F quantities as specified in sec-
tion 3.9. Determine Q̇h

k=2(17) and Ėh
k=2(17) 

from the H32 Test and, if required as de-
scribed in section 3.6.3, determine Q̇h

k=1(17) 
and Ėh

k=1(17) from the H31 Test. Calculate the 
required 17 °F quantities as specified in sec-
tion 3.10. 

4.2.3.1 Steady-state space heating capac-
ity when operating at low compressor capac-
ity is greater than or equal to the building 
heating load at temperature Tj, Q̇h

k=1(Tj) 
≥BL(Tj). 

e T

N

X T E T T

PLF

n

N

h j
k

j h
k

j j

j

j( )
=

( ) ⋅ ( ) ⋅ ( )
⋅

= =1 1

4 2 3
˙

( . .
δ'

-1)

RH T

N

BL T T

Btu h
W

n

N

j j j j( )
=

( ) ⋅ − ( )[ ]
⋅

1

3
4 2 3

δ'
- 2)

.413
/ ( . .

where, Xk=1(Tj) = BL(Tj) / Q̇h
k=1(Tj), the heating mode 

low capacity load factor for temperature 
bin j, dimensionless. 
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PLFj = 1 ¥ CD
h · [ 1 ¥ Xk=1(Tj) ], the part load 

factor, dimensionless. 
d′(Tj) = the low temperature cutoff factor, 

dimensionless. 

If the optional H0C1 Test described in sec-
tion 3.6.3 is not conducted, set the heating 
mode cyclic degradation coefficient, CD

h, to 

the default value specified in section 3.8.1. If 
this optional test is conducted, set CD

h to the 
lower of: 

a. The value calculated according to sec-
tion 3.8.1; or 

b. The section 3.8.1 default value of 0.25. 
Determine the low temperature cut-out 

factor using 

δ' T

      if T

     if T - 3)

     if T

j

j

off

j

( ) =

≤

< ≤

>

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪

0

1 2 4 2 3

1

,

/ , ( . .

,

T

T T

T

off

j on

on

where Toff and Ton are defined in section 4.2.1. 
Use the calculations given in section 4.2.3.3, 
and not the above, if: 

(a) The heat pump locks out low capacity 
operation at low outdoor temperatures and 

(b) Tj is below this lockout threshold tem-
perature. 

4.2.3.2 Heat pump alternates between high 
(k=2) and low (k=1) compressor capacity to 
satisfy the building heating load at a tem-
perature Tj, Q̇h

k=1(Tj) <BL(Tj) <Q̇h
k=2(Tj). 

Calculate 

RH T

N

j( )
using Equation 4.2.3–2. Evaluate 

e T

N

h j( )
using 

e T

N
X T E T X T E

n

N

h j k
j h

k
j

k
j h

k j( )
= ( ) ⋅ ( ) + ( ) ⋅ ( )[ ] ⋅ ( ) ⋅= = = =1 1 2 2˙ ˙ T ' Tj jδ

where, 

X T
Q T BL T

Q T Q T
k

j
h
k

j j

h
k

j h
k

j

=
=

= =( ) =
( ) − ( )

( ) − ( )
1

2

2 1

˙

˙ ˙

Xk=2(Tj) = 1 ¥ Xk=1(Tj) the heating mode, high 
capacity load factor for temperature bin j, 
dimensionless. 

Determine the low temperature cut-out 
factor, d′(Tj), using Equation 4.2.3–3. 

4.2.3.3 Heat pump only operates at high 
(k=2) compressor capacity at temperature Tj 
and its capacity is greater than the building 
heating load, BL(Tj) <Q̇h

k=2(Tj). This section 
applies to units that lock out low com-
pressor capacity operation at low outdoor 
temperatures. Calculate 

RH T

N

j( )
using Equation 4.2.3–2. Evaluate 

e T

N

h j( )
using 

e T

N

X T E T

PLF

n

N

h j
k

j h
k

j

j

j( )
=

( ) ⋅ ( ) ⋅ ( )
⋅

= =2 2˙ δ' Tj

where, 

Xk=2(Tj)= BL(Tj)/Q̇h
k=2(Tj). 
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PLF C k X Tj D
h k

j= − =( ) ⋅ −⎡⎣ ⎤⎦
=1 2 1 2 ( ) .

If the optional H1C2 Test described in section 
3.6.3 and Table 11 is not conducted, set CD

h 
(k=2) equal to the default value specified in 
section 3.8.1. If this optional test is con-
ducted, set CD

h (k=2) to the lower of: 
a. the CD

h (k=2) value calculated as per sec-
tion 3.8.1; or 

b. the section 3.8.1 default value for CD
h 

(k=2). 
Determine the low temperature cut-out 

factor, d (Tj), using Equation 4.2.3–3. 

4.2.3.4 Heat pump must operate continu-
ously at high (k=2) compressor capacity at 
temperature Tj, BL(Tj) ≥Q̇h

k=2(Tj). 

e T

N
E T

n

N

RH T

N

BL T Q T n

N

h j
h
k

j
j

j j h
k

j j

( )
= ( ) ⋅ ( ) ⋅

( )
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( ) − ( ) ⋅ ( )[ ]
⋅

=
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˙

˙

.413
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δ

δ
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' ' T
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W

j

j

Where 
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  T  T  and 
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  T  and 
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j off
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off j on
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⎪

≥ 1

4.2.4 Additional steps for calculating the 
HSPF of a heat pump having a variable- 
speed compressor. Calculate HSPF using 
Equation 4.2–1. Evaluate the space heating 

capacity, Q̇h
k=1(Tj), and electrical power con-

sumption, Ėh
k=1(Tj), of the heat pump when 

operating at minimum compressor speed and 
outdoor temperature Tj using 

˙ ˙
˙ ˙

( . .4Q T Q
Q Q

Th
k

j h
k h

k
h
k

j
= =

= =

( ) = ( ) + ( ) − ( )
−

⋅ −( )1 1
1 1

47
62 47

62 47
47 4 2 -1)

˙ ˙
˙ ˙

( . .4E T E
E E

Th
k

j h
k h

k
h
k

j
= =

= =

( ) = ( ) + ( ) − ( )
−

⋅ −( )1 1
1 1

47
62 47

62 47
47 4 2 -2)

where Q̇h
k=1(62) and Ėh

k=1(62) are determined 
from the H01 Test, Q̇h

k=1(47) and Ėh
k=1(47) are 

determined from the H11 Test, and all four 
quantities are calculated as specified in sec-
tion 3.7. Evaluate the space heating capac-
ity, Q̇h

k=2(Tj), and electrical power consump-
tion, Ėh

k=2(Tj), of the heat pump when oper-
ating at maximum compressor speed and 
outdoor temperature Tj by solving Equations 
4.2.2–3 and 4.2.2–4, respectively, for k=2. De-
termine the Equation 4.2.2–3 and 4.2.2–4 quan-
tities Q̇h

k=2(47) and Ėh
k=2(47) from the H12 Test 

and the calculations specified in section 3.7. 

Determine Q̇h
k=2(35) and Ėh

k=2(35) from the H22 
Test and the calculations specified in section 
3.9 or, if the H22 Test is not conducted, by 
conducting the calculations specified in sec-
tion 3.6.4. Determine Q̇h

k=2(17) and Ėh
k=2(17) 

from the H32 Test and the calculations speci-
fied in section 3.10. Calculate the space heat-
ing capacity, Q̇h

k=v(Tj), and electrical power 
consumption, Ėh

k=v(Tj), of the heat pump 
when operating at outdoor temperature Tj 
and the intermediate compressor speed used 
during the section 3.6.4 H2V Test using 
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˙ ˙ ( . .4Q T Q M Th
k v

j h
k v

Q j
= =( ) = ( ) + ⋅ −( )35 35 4 2 - 3)

˙ ˙ ( . .4E T E M Th
k v

j h
k v

E j
= =( ) = ( ) + ⋅ −( )35 35 4 2 - 4)

where Q̇h
k=v(35) and Ėh

k=v(35) are determined 
from the H2V Test and calculated as specified 
in section 3.9. Approximate the slopes of the 

k=v intermediate speed heating capacity and 
electrical power input curves, MQ and ME, as 
follows: 

where, 

N
Q Q

Q QQ
h
k v

h
k

h
k

h
k= ( ) − ( )

( ) − ( )
= =

= =

˙ ˙

˙ ˙ ,
35 35

35 35

1

2 1  and

N
E E

E E
E

h
k v

h
k

h
k

h
k

=
−
−

= =

= =

˙ ( ) ˙ ( )
˙ ( ) ˙ ( )

.
35 35

35 35

1

2 1

Use Equations 4.2.4–1 and 4.2.4–2, respec-
tively, to calculate Q̇h

k=1(35) and Ėh
k=1(35). 

The calculation of Equation 4.2–1 quan-
tities 

e T

N

h j( ) ( )
and

RH T

N

j

differs depending upon whether the heat 
pump would operate at minimum speed (sec-
tion 4.2.4.1), operate at an intermediate speed 
(section 4.2.4.2), or operate at maximum 
speed (section 4.2.4.3) in responding to the 
building load. 

4.2.4.1 Steady-state space heating capac-
ity when operating at minimum compressor 
speed is greater than or equal to the building 
heating load at temperature Tj, Q̇h

k=1(Tj 
≥BL(Tj). Evaluate the Equation 4.2–1 quan-
tities 

e T

N

h j( ) ( )
and

RH T

N

j

as specified in section 4.2.3.1. Except now use 
Equations 4.2.4–1 and 4.2.4–2 to evaluate 
Q̇h

k=1(Tj) and Ėh
k=1(Tj), respectively, and re-

place section 4.2.3.1 references to ‘‘low capac-
ity’’ and section 3.6.3 with ‘‘minimum speed’’ 

and section 3.6.4. Also, the last sentence of 
section 4.2.3.1 does not apply. 

4.2.4.2 Heat pump operates at an inter-
mediate compressor speed (k=i) in order to 
match the building heating load at a tem-
perature Tj, Q̇h

k=1(Tj) <BL(Tj) <Q̇h
k=2(Tj). Cal-

culate 

RH T

N

j( )
using Equation 4.2.3–2 while evaluating 

e T

N

h j( )
using, 

e T

N
E T T

n

N

h j
h
k

j j
j( )

= ( ) ⋅ ( ) ⋅=˙ '1 δ

where, 

˙
˙

.413
/E T

Q T

Btu h
W

COP T
h
k i

j
h
k i

j

k i
j

=
=

=
( ) =

( )
⋅ ( )3  

and d(Tj) is evaluated using Equation 4.2.3–3 
while, 

Q̇h
k=i(Tj) = BL(Tj), the space heating capacity 

delivered by the unit in matching the 
building load at temperature (Tj), Btu/h. 
The matching occurs with the heat pump 
operating at compressor speed k=i. 
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COPk=i(Tj) = the steady-state coefficient of 
performance of the heat pump when oper-
ating at compressor speed k=i and tem-
perature Tj, dimensionless. 

For each temperature bin where the heat 
pump operates at an intermediate com-
pressor speed, determine COPk=i(Tj) using, 

COPk=i(Tj) = A + B . Tj + C . Tj
2. 

For each heat pump, determine the coeffi-
cients A, B, and C by conducting the fol-
lowing calculations once: 

D
T T

T T

B
COP T COP T D COP T COP T

T T D T T

vh

k k k k v
vh

vh

=
−
−

=
( ) − ( ) − ⋅ ( ) − ( )[ ]

− − ⋅ −( )
= = = =

3
2

4
2

2
4
2

2
4

1
3

2
4

4 3 4

where, 

T3 = the outdoor temperature at which the 
heat pump, when operating at minimum 
compressor speed, provides a space heat-

ing capacity that is equal to the building 
load (Q̇h

k=1(T3) = BL(T3)), °F. Determine 
T3 by equating Equations 4.2.4–1 and 4.2– 
2 and solving for: 

C
COP T COP T B T T

T T

A COP T B T C T

k k

k

=
( ) − ( ) − ⋅ −( )

−

= ( ) − ⋅ − ⋅

= =

=

2 1
3 4 3

4
2

3
2

2
4 4 4

2

4

.

outdoor temperature. 

Tvh = the outdoor temperature at which the 
heat pump, when operating at the inter-
mediate compressor speed used during 
the section 3.6.4 H2V Test, provides a 
space heating capacity that is equal to 
the building load (Q̇h

k=v(Tvh) = BL(Tvh)), 
°F. Determine Tvh by equating Equations 

4.2.4–3 and 4.2–2 and solving for outdoor 
temperature. 

T4 = the outdoor temperature at which the 
heat pump, when operating at maximum 
compressor speed, provides a space heat-
ing capacity that is equal to the building 
load (Q̇h

k=2(T4) = BL(T4)), °F. Determine 
T4 by equating Equations 4.2.2–3 (k=2) 
and 4.2–2 and solving for outdoor tem-
perature. 

COP T
Q T

E T

k h
k

h
k

=
=

=
( ) =

( ) [ ]
⋅ ( ) [ ]

1
3

1
3

1
3

˙

˙

 Eqn.  4.2.4 -1,  substituting T  for T

3.413
Btu/h

W
 Eqn.  4.2.4 - 2,  substituting T  for T

3 j

3 j
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COP T
Q T

Btu h

W
E T

COP T
Q T

Btu h
E T

k v
vh

h
k v

vh

h
k v

vh

k h
k

h
k

=
=

=

=
=

=

( ) =
( ) [ ]
⋅ ( ) [ ]

( ) =
( ) [ ]
⋅ ( )

˙

.413
/ ˙

˙

.413
/ ˙

 Eqn.  4.2.4 - 3,  substituting T  for T

 Eqn.  4.2.4 - 4,  substituting T  for T

 Eqn.  4.2.2 - 3,  substituting T  for T

W
 Eqn.  4.2.2

vh j

vh j

4 j

3

3

2
4

2
4

2
4 -- 4,  substituting T  for T

 

4 j[ ]

For multiple-split heat pumps (only), the fol-
lowing procedures supersede the above re-

quirements for calculating COPh
k=i (Tj). For 

each temperature bin where T3 >Tj >Tvh, 

COP T COP T
COP T COP T

T T
Th

k i
j h

k h
k v

vh h
k

vh
j

= =
= =

( ) = ( ) +
( ) − ( )

−
⋅ −1

3

1
3

3

TT3( ).

For each temperature bin where Tvh ≥Tj >T4, 

COP T COP T
COP T COP T

T T
Th

k i
j h

k v
vh

h
k

h
k v

vh

vh
j

= =
= =

( ) = ( ) +
( ) − ( )

−
⋅

2
4

4

−−( )Tvh .’’

4.2.4.3 Heat pump must operate continu-
ously at maximum (k=2) compressor speed at 
temperature Tj, BL(Tj) ≥Q̇h

k=2(Tj). Evaluate 
the Equation 4.2–1 quantities 

e Th j( ) ( )
N

 and 
RH T

N

j

as specified in section 4.2.3.4 with the under-
standing that Q̇h

k=2(Tj) and Ėh
k=2(Tj) cor-

respond to maximum compressor speed oper-
ation and are derived from the results of the 
specified section 3.6.4 tests. 

4.2.5 Heat pumps having a heat comfort 
controller. Heat pumps having heat comfort 
controllers, when set to maintain a typical 
minimum air delivery temperature, will 
cause the heat pump condenser to operate 
less because of a greater contribution from 
the resistive elements. With a conventional 
heat pump, resistive heating is only initiated 
if the heat pump condenser cannot meet the 
building load (i.e., is delayed until a second 
stage call from the indoor thermostat). With 
a heat comfort controller, resistive heating 
can occur even though the heat pump con-

denser has adequate capacity to meet the 
building load (i.e., both on during a first 
stage call from the indoor thermostat). As a 
result, the outdoor temperature where the 
heat pump compressor no longer cycles (i.e., 
starts to run continuously), will be lower 
than if the heat pump did not have the heat 
comfort controller. 

4.2.5.1 Heat pump having a heat comfort 
controller: additional steps for calculating 
the HSPF of a heat pump having a single- 
speed compressor that was tested with a 
fixed-speed indoor fan installed, a constant- 
air-volume-rate indoor fan installed, or with 
no indoor fan installed. Calculate the space 
heating capacity and electrical power of the 
heat pump without the heat comfort con-
troller being active as specified in section 
4.2.1 (Equations 4.2.1–4 and 4.2.1–5) for each 
outdoor bin temperature, Tj, that is listed in 
Table 17. Denote these capacities and elec-
trical powers by using the subscript ‘‘hp’’ in-
stead of ‘‘h.’’ Calculate the mass flow rate 
(expressed in pounds-mass of dry air per 
hour) and the specific heat of the indoor air 
(expressed in Btu/lbmda · °F) from the results 
of the H1 Test using: 
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˙ ˙ .
˙ ˙

. .444,

m V
V

v W

V

v

C W

da s
mx

n n

mx

n

p da n

= ⋅ ⋅ =
′ ⋅ +[ ] ⋅ = ⋅

= + ⋅

0 075
60

1

60 60

0 24 0

 
1bm

ft

 min

hr

 min

hr

 min

hr
da

3

where V
Ô

s, V
Ô

mx, v′n (or vn), and Wn are defined 
following Equation 3–1. For each outdoor bin 
temperature listed in Table 17, calculate the 
nominal temperature of the air leaving the 
heat pump condenser coil using, 

T T F
Q T

m Co j
hp j

da p da
( ) = ° +

( )
⋅

70 
˙

˙
.

,

Evaluate eh(Tj/N), RH(Tj)/N, X(Tj), PLFj, 
and d(Tj) as specified in section 4.2.1. For 
each bin calculation, use the space heating 
capacity and electrical power from Case 1 or 
Case 2, whichever applies. 

Case 1. For outdoor bin temperatures 
where To(Tj) is equal to or greater than TCC 
(the maximum supply temperature deter-
mined according to section 3.1.9), determine 
Q̇h(Tj) and Ėh(Tj) as specified in section 4.2.1 
(i.e., Q̇h(Tj) = Q̇hp(Tj) and Ėhp(Tj) = Ėhp(Tj)). 
Note: Even though To(Tj) ≥Tcc, resistive heat-
ing may be required; evaluate Equation 4.2.1– 
2 for all bins. 

Case 2. For outdoor bin temperatures 
where To(Tj) >Tcc, determine Q̇h(Tj) and Ėh(Tj) 
using, 

˙ ˙ ˙

˙ ˙ ˙

Q T Q T Q T

E T E T E T

h j hp j CC j

h j hp j CC j

( ) = ( ) + ( )
( ) = ( ) + ( )

where, 

˙ ˙ ,Q T m C T T TCC j da p da CC o j( ) = ⋅ ⋅ − ( )[ ]
˙

˙

.413
E T

Q T
CC j

CC j( ) =
( )

⋅
3  

Btu
W h

NOTE: Even though To(Tj) <Tcc, additional 
resistive heating may be required; evaluate 
Equation 4.2.1–2 for all bins. 

4.2.5.2 Heat pump having a heat comfort 
controller: additional steps for calculating 
the HSPF of a heat pump having a single- 
speed compressor and a variable-speed, vari-
able-air-volume-rate indoor fan. Calculate 
the space heating capacity and electrical 
power of the heat pump without the heat 
comfort controller being active as specified 
in section 4.2.2 (Equations 4.2.2–1 and 4.2.2–2) 
for each outdoor bin temperature, Tj, that is 
listed in Table 17. Denote these capacities 
and electrical powers by using the subscript 
‘‘hp’’ instead of ‘‘h.’’ Calculate the mass flow 
rate (expressed in pounds-mass of dry air per 
hour) and the specific heat of the indoor air 
(expressed in Btu/lbmda · °F) from the results 
of the H12 Test using: 

˙ ˙ .
˙ ˙

. .444,

m V
V

v W

V

v

C W

da s
mx

n n

mx

n

p da n

= ⋅ ⋅ =
′ ⋅ +[ ] ⋅ = ⋅

= + ⋅

0 075
60

1

60 60

0 24 0

 
1bm

ft

 min

hr

 min

hr

 min

hr
da

3

where V
Ô

S, V
Ô

mx, v′n (or vn), and Wn are defined 
following Equation 3–1. For each outdoor bin 
temperature listed in Table 17, calculate the 
nominal temperature of the air leaving the 
heat pump condenser coil using, 

T T
T

m Co j
j( ) =

( )
⋅

70 ºF +
Q hp

da p,da

˙

˙
.

Evaluate eh(Tj)/N , RH(Tj)/N, X(Tj), PLFj, 
and d(Tj) as specified in section 4.2.1 with the 
exception of replacing references to the H1C 
Test and section 3.6.1 with the H1C1 Test and 

section 3.6.2. For each bin calculation, use 
the space heating capacity and electrical 
power from Case 1 or Case 2, whichever ap-
plies. 

Case 1. For outdoor bin temperatures 
where To(Tj) is equal to or greater than TCC 
(the maximum supply temperature deter-
mined according to section 3.1.9), determine 
Q̇h(Tj) and Ėh(Tj) as specified in section 4.2.2 
(i.e. Q̇h(Tj) = Q̇hp(Tj) and Ėh(Tj) = Ėhp(Tj)). Note: 
Even though To(Tj) ≥TCC, resistive heating 
may be required; evaluate Equation 4.2.1–2 
for all bins. 
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Case 2. For outdoor bin temperatures 
where To(Tj) <TCC, determine Q̇h(Tj) and 
Ėh(Tj) using, 

Q̇h(Tj) = Q̇hp(Tj) + Q̇CC(Tj) 

Ėh(Tj) = Ėhp(Tj) + ĖCC(Tj) 

where, 

Q̇CC(Tj) = ṁda · Cp,da · [TCC ¥ To(Tj)] 

˙
˙

.413
.E T

Q T

Btu

W h

CC j
CC j( ) =

( )
⋅

3

NOTE: Even though To(Tj) <Tcc, additional 
resistive heating may be required; evaluate 
Equation 

4.2.1–2 for all bins. 
4.2.5.3 Heat pumps having a heat comfort 

controller: additional steps for calculating 
the HSPF of a heat pump having a two-ca-
pacity compressor. Calculate the space heat-
ing capacity and electrical power of the heat 
pump without the heat comfort controller 
being active as specified in section 4.2.3 for 
both high and low capacity and at each out-
door bin temperature, Tj, that is listed in 
Table 17. Denote these capacities and elec-
trical powers by using the subscript ‘‘hp’’ in-
stead of ‘‘h.’’ For the low capacity case, cal-
culate the mass flow rate (expressed in 
pounds-mass of dry air per hour) and the spe-
cific heat of the indoor air (expressed in Btu/ 
lbmda · °F) from the results of the H11 Test 
using: 

˙ ˙ .
˙ ˙

. .444,

m V
bm

ft

V

W

V

v hr

C W

da
k

s
da mx

n hr

mx

n

p da
k

n

=

=

= ⋅ ⋅ =
′ ⋅ +[ ] ⋅ = ⋅

= + ⋅

1
3

1

0 075
1 60

1

60 60

0 24 0

 min

hr v

 min  min

n

where V
Ô

s, V
Ô

mx, v′n (or vn), and Wn are defined 
following Equation 3–1. For each outdoor bin 
temperature listed in Table 17, calculate the 
nominal temperature of the air leaving the 
heat pump condenser coil when operating at 
low capacity using, 

T T
T

m Co
k

j
j

da
k

p da
k

=
= =( ) =

( )
⋅

⋅1
1 170 ºF +

Qhp
k=1˙

˙ ,

Repeat the above calculations to deter-
mine the mass flow rate (ṁda

k=2) and the spe-
cific heat of the indoor air (Cp,da

k=2) when op-
erating at high capacity by using the results 
of the H12 Test. For each outdoor bin tem-
perature listed in Table 17, calculate the 
nominal temperature of the air leaving the 
heat pump condenser coil when operating at 
high capacity using, 

T T
T

m Co
k

j
j

da
k

p da
k

=
= =( ) =

( )
⋅

⋅2
2 270 ºF +

Qhp
k=2˙

˙ ,

Evaluate eh(Tj)/N, RH(Tj)/N, Xk=1(Tj), and/or 
Xk=2(Tj), PLFj, and d′(Tj) or d″(Tj) as specified 

in section 4.2.3.1. 4.2.3.2, 4.2.3.3, or 4.2.3.4, 
whichever applies, for each temperature bin. 
To evaluate these quantities, use the low-ca-
pacity space heating capacity and the low- 
capacity electrical power from Case 1 or Case 
2, whichever applies; use the high-capacity 
space heating capacity and the high-capacity 
electrical power from Case 3 or Case 4, 
whichever applies. 

Case 1. For outdoor bin temperatures 
where To

k=1(Tj) is equal to or greater than 
TCC (the maximum supply temperature de-
termined according to section 3.1.9), deter-
mine Q̇h

k=1(Tj) and Ėh
k=1(Tj) as specified in sec-

tion 4.2.3 (i.e., Q̇h
k=1(Tj) = Q̇hp

k=1(Tj) and 
Ėh

k=1(Tj) = Ėhp
k=1(Tj). 

NOTE: Even though To
k=1(Tj) ≥TCC, resistive 

heating may be required; evaluate RH(Tj)/N 
for all bins. 

Case 2. For outdoor bin temperatures 
where To

k=1(Tj) <TCC, determine Q̇h
k=1(Tj) and 

Ėh
k=1(Tj) using, 

Q̇h
k=1(Tj) = Q̇hp

k=1(Tj) + Q̇CC
k=1(Tj) 

Ėh
k=1(Tj) = Ėhp

k=1(Tj) + ĖCC
k=1(Tj) 

where, 
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˙ ˙

˙
˙

.413
.

,Q T m C T T T

E T
Q T

Btu

W h

CC
k

j da
k

p da
k

CC o
k

j

CC
k

j
CC
k

j

= = = =

=
=

( ) = ⋅ ⋅ − ( )[ ]

( ) =
( )

⋅

1 1 1 1

1
1

3

NOTE: Even though To
k=1(Tj) ≥Tcc, additional 

resistive heating may be required; evaluate 
RH(Tj)/N for all bins. 

Case 3. For outdoor bin temperatures 
where To

k=2(Tj) is equal to or greater than 
TCC, determine Q̇h

k=2(Tj) and Ėh
k=2(Tj) as speci-

fied in section 4.2.3 (i.e., Q̇h
k=2(Tj) = Q̇hp

k=2(Tj) 
and Ėh

k=2(Tj) = Ėhp
k=2(Tj)). 

NOTE: Even though To
k=2(Tj) <TCC, resistive 

heating may be required; evaluate RH(Tj)/N 
for all bins. 

Case 4. For outdoor bin temperatures 
where To

k=2(Tj) <TCC, determine Q̇h
k=2(Tj) and 

Ėh
k=2(Tj) using, 

˙ ˙ ˙

˙ ˙ ˙

Q T Q T Q T

E T E T E T

h
k

j hp
k

j CC
k

j

h
k

j hp
k

j CC
k

j

= = =

= = =

( ) = ( ) + ( )

( ) = ( ) + ( )

2 2 2

2 2 2

where, 

˙ ˙

˙
˙

.413
.

,Q T m C T T T

E T
Q T

Btu

W h

CC
k

j da
k

p da
k

CC o
k

j

CC
k

j
CC
k

j

= = = =

=
=

( ) = ⋅ ⋅ − ( )[ ]

( ) =
( )

⋅

2 2 2 2

2
2

3

NOTE: Even though To
k=2(Tj) <Tcc, addi-

tional resistive heating may be required; 
evaluate RH(Tj)/N for all bins. 

4.2.5.4 Heat pumps having a heat comfort 
controller: additional steps for calculating 
the HSPF of a heat pump having a variable- 
speed compressor. [Reserved] 

4.3 Calculations of the Actual and Rep-
resentative Regional Annual Performance 
Factors for Heat Pumps. 

4.3.1 Calculation of actual regional annual 
performance factors (APFA) for a particular 
location and for each standardized design 
heating requirement. 

APF
CLH Q HLH DHR C

CLH Q

SEER

HLH DHR C

HSPF

A
A c

k
A

A c
k

A

=
⋅ + ⋅ ⋅
⋅ + ⋅ ⋅

˙ ( )
˙ ( )

95

95
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where, 

CLHA = the actual cooling hours for a par-
ticular location as determined using the 
map given in Figure 3, hr. 

Q̇c
k(95) = the space cooling capacity of the 

unit as determined from the A or A2 
Test, whichever applies, Btu/h. 

HLHA = the actual heating hours for a par-
ticular location as determined using the 
map given in Figure 2, hr. 

DHR = the design heating requirement used 
in determining the HSPF; refer to sec-
tion 4.2 and Definition 1.22, Btu/h. 

C = defined in section 4.2 following Equation 
4.2–2, dimensionless. 

SEER = the seasonal energy efficiency ratio 
calculated as specified in section 4.1, Btu/ 
W·h. 

HSPF = the heating seasonal performance 
factor calculated as specified in section 
4.2 for the generalized climatic region 
that includes the particular location of 
interest (see Figure 2), Btu/W·h. The 
HSPF should correspond to the actual 
design heating requirement (DHR), if 
known. If it does not, it may correspond 
to one of the standardized design heating 
requirements referenced in section 4.2. 

4.3.2 Calculation of representative regional 
annual performance factors (APFR) for each 
generalized climatic region and for each 
standardized design heating requirement. 

APF
CLH Q HLH DHR C

CLH Q
SEER

HLH DHR C
HSPF

R
R c

k
R

R c
k

R

= ⋅ + ⋅ ⋅
⋅ + ⋅ ⋅

˙ ( )
˙ ( )

95

95

where, 

CLHR = the representative cooling hours for 
each generalized climatic region, Table 
19, hr. 

HLHR = the representative heating hours for 
each generalized climatic region, Table 
19, hr. 

HSPF = the heating seasonal performance 
factor calculated as specified in section 
4.2 for the each generalized climatic re-
gion and for each standardized design 
heating requirement within each region, 
Btu/W.h. 

The SEER, Q̇c
k(95), DHR, and C are the 

same quantities as defined in section 4.3.1. 
Figure 2 shows the generalized climatic re-
gions. Table 18 lists standardized design 
heating requirements. 

TABLE 19—REPRESENTATIVE COOLING AND 
HEATING LOAD HOURS FOR EACH GENERAL-
IZED CLIMATIC REGION 

Region CLHR HLHR 

I .......................................................... 2400 750 
II ......................................................... 1800 1250 
III ........................................................ 1200 1750 
IV ....................................................... 800 2250 
V ........................................................ 400 2750 
VI ....................................................... 200 2750 

4.4. Rounding of SEER, HSPF, and APF for 
reporting purposes. After calculating SEER 
according to section 4.1, round it off as speci-
fied in subpart B 430.23(m)(3)(i) of Title 10 of 
the Code of Federal Regulations. Round sec-
tion 4.2 HSPF values and section 4.3 APF 
values as per § 430.23(m)(3)(ii) and (iii) of 
Title 10 of the Code of Federal Regulations. 
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[70 FR 59135, Oct. 11, 2005, as amended at 72 FR 59922, Oct. 22, 2007; 76 FR 37546, June 27, 2011] 

EDITORIAL NOTE: At 72 FR 59922, Oct. 22, 2007, appendix M to subpart B of part 430 was 
amended; however, portions of the amendment could not be incorporated due to inaccurate 
amendatory instruction. 
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APPENDIX N TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF FURNACES AND BOILERS 

NOTE: The procedures and calculations 
that refer to off mode energy consumption 
(i.e., sections 8.6 and 10.11 of this appendix N) 
need not be performed to determine compli-
ance with energy conservation standards for 
furnaces and boilers at this time. However, 
any representation related to standby mode 
and off mode energy consumption of these 
products made after July 1, 2013 must be 
based upon results generated under this test 
procedure, consistent with the requirements 
of 42 U.S.C. 6293(c)(2). For furnaces manufac-
tured on or after May 1, 2013, compliance 
with the applicable provisions of this test 
procedure is required in order to determine 
compliance with energy conservation stand-
ards. For boilers, the statute requires that 
after July 1, 2010, any adopted energy con-
servation standard shall address standby 
mode and off mode energy consumption for 
these products, and upon the compliance 
date for such standards, compliance with the 
applicable provisions of this test procedure 
will be required. 

1.0 Scope. The scope of this appendix is as 
specified in section 2.0 of ANSI/ASHRAE 
Standard 103–1993. 

2.0 Definitions. Definitions include the defi-
nitions specified in section 3 of ANSI/ 
ASHRAE Standard 103–1993 and the following 
additional and modified definitions: 

2.1 Active mode means the condition during 
the heating season in which the furnace or 
boiler is connected to the power source, and 
either the burner, electric resistance ele-
ments, or any electrical auxiliaries such as 
blowers or pumps, are activated. 

2.2 ANSI/ASHRAE Standard 103–1993 means 
the test standard published in 1993 by 
ASHRAE, approved by the American Na-
tional Standards Institute (ANSI) on October 
4, 1993, and entitled ‘‘Method of Testing for 
Annual Fuel Utilization Efficiency of Resi-
dential Central Furnaces and Boilers’’ (with 
errata of October 24, 1996). 

2.3 ASHRAE means the American Society 
of Heating, Refrigerating and Air-Condi-
tioning Engineers, Inc. 

2.4 IEC 62301 means the test standard pub-
lished by the International Electrotechnical 
Commission (IEC), titled ‘‘Household elec-
trical appliances—Measurement of standby 
power,’’ Publication 62301 (Edition 2.0 2011– 
01). (incorporated by reference, see § 430.3) 

2.5 Isolated combustion system. The defini-
tion of isolation combustion system in sec-
tion 3 of ANSI/ASHRAE Standard 103–1993 is 
incorporated with the addition of the fol-
lowing: ‘‘The unit is installed in an un-condi-
tioned indoor space isolated from the heated 
space.’’ 

2.6 Off mode means the condition during 
the non-heating season in which the furnace 
or boiler is connected to the power source, 
and neither the burner, electric resistance 
elements, nor any electrical auxiliaries such 
as blowers or pumps, are activated. 

2.7 Seasonal off switch means the switch on 
the furnace or boiler that, when activated, 
results in a measurable change in energy 
consumption between the standby and off 
modes. 

2.8 Standby mode means the condition dur-
ing the heating season in which the furnace 
or boiler is connected to the power source, 
and neither the burner, electric resistance 
elements, nor any electrical auxiliaries such 
as blowers or pumps, are activated. 

2.9 Thermal stack damper means a type of 
stack damper which is dependent for oper-
ation exclusively upon the direct conversion 
of thermal energy of the stack gases to open 
the damper. 

3.0 Classifications. Classifications are as 
specified in section 4 of ANSI/ASHRAE 
Standard 103–1993. 

4.0 Requirements. Requirements are as spec-
ified in section 5 of ANSI/ASHRAE Standard 
103–1993. 

5.0 Instruments. Instruments must be as 
specified in section 6 of ANSI/ASHRAE 
Standard 103–1993. 

6.0 Apparatus. The apparatus used in con-
junction with the furnace or boiler during 
the testing shall be as specified in section 7 
of ANSI/ASHRAE Standard 103–1993 except 
for the second paragraph of section 7.2.2.2 
and except for section 7.2.2.5, and as specified 
in section 6.1 of this appendix. 

6.1 Downflow furnaces. Install the internal 
section of vent pipe the same size as the flue 
collar for connecting the flue collar to the 
top of the unit, if not supplied by the manu-
facturer. Do not insulate the internal vent 
pipe during the jacket loss test (if con-
ducted) described in section 8.6 of ANSI/ 
ASHRAE Standard 103–1993 or the steady- 
state test described in section 9.1 of ANSI/ 
ASHRAE Standard 103–1993. Do not insulate 
the internal vent pipe before the cool-down 
and heat-up tests described in sections 9.5 
and 9.6, respectively, of ANSI/ASHRAE 
Standard 103–1993. If the vent pipe is sur-
rounded by a metal jacket, do not insulate 
the metal jacket. Install a 5-ft test stack of 
the same cross sectional area or perimeter as 
the vent pipe above the top of the furnace. 
Tape or seal around the junction connecting 
the vent pipe and the 5-ft test stack. Insulate 
the 5-ft test stack with insulation having an 
R-value not less than 7 and an outer layer of 
aluminum foil. (See Figure 3–E of ANSI/ 
ASHRAE Standard 103–1993.) 

7.0 Testing conditions. The testing condi-
tions shall be as specified in section 8 of 
ANSI/ASHRAE Standard 103–1993 with errata 
of October 24, 1996, except for section 8.6.1.1; 
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and as specified in section 7.1 of this appen-
dix. 

7.1 Measurement of jacket surface tempera-
ture. The jacket of the furnace or boiler shall 
be subdivided into 6-inch squares when prac-
tical, and otherwise into 36-square-inch re-
gions comprising 4 in. × 9 in. or 3 in. × 12 in. 
sections, and the surface temperature at the 
center of each square or section shall be de-
termined with a surface thermocouple. The 
36-square-inch areas shall be recorded in 
groups where the temperature differential of 
the 36-square-inch area is less than 10 °F for 
temperature up to 100 °F above room tem-
perature and less than 20 °F for temperature 
more than 100 °F above room temperature. 
For forced air central furnaces, the circu-
lating air blower compartment is considered 
as part of the duct system and no surface 
temperature measurement of the blower 
compartment needs to be recorded for the 
purpose of this test. For downflow furnaces, 
measure all cabinet surface temperatures of 
the heat exchanger and combustion section, 
including the bottom around the outlet duct, 
and the burner door, using the 36 square-inch 
thermocouple grid. The cabinet surface tem-
peratures around the blower section do not 
need to be measured (See figure 3–E of ANSI/ 
ASHRAE Standard 103–1993.) 

8.0 Test procedure. Testing and measure-
ments shall be as specified in section 9 of 
ANSI/ASHRAE Standard 103–1993 except for 
sections 9.5.1.1, 9.5.1.2.1, 9.5.1.2.2, 9.5.2.1, and 
section 9.7.1. ; and as specified in sections 8.1, 
8.2, 8.3, 8.4, and 8.5, of this appendix. 

8.1 Input to interrupted ignition device. For 
burners equipped with an interrupted igni-
tion device, record the nameplate electric 
power used by the ignition device, PEIG, or 
use PEIG = 0.4 kW if no nameplate power 
input is provided. Record the nameplate igni-
tion device on-time interval, tIG, or measure 
the on-time period at the beginning of the 
test at the time the burner is turned on with 
a stop watch, if no nameplate value is given. 
Set tIG = 0 and PEIG = 0 if the device on-time 
is less than or equal to 5 seconds after the 
burner is on. 

8.2 Gas- and oil-fueled gravity and forced air 
central furnaces without stack dampers cool- 
down test. Turn off the main burner after 
steady-state testing is completed, and meas-
ure the flue gas temperature by means of the 
thermocouple grid described in section 7.6 of 
ANSI/ASHRAE 103–1993 at 1.5 minutes 
(TF,OFF(t3)) and 9 minutes (TF,OFF(t4)) after the 
burner shuts off. An integral draft diverter 
shall remain blocked and insulated, and the 
stack restriction shall remain in place. On 
atmospheric systems with an integral draft 
diverter or draft hood, equipped with either 
an electromechanical inlet damper or an 
electro-mechanical flue damper that closes 
within 10 seconds after the burner shuts off 
to restrict the flow through the heat ex-
changer in the off-cycle, bypass or adjust the 

control for the electromechanical damper so 
that the damper remains open during the 
cool-down test. For furnaces that employ 
post purge, measure the length of the post- 
purge period with a stopwatch. The time 
from burner OFF to combustion blower OFF 
(electrically de-energized) shall be recorded 
as tp. For the case where tp is intended to be 
greater than 180 seconds, stop the combus-
tion blower at 180 seconds and use that value 
for tp. Measure the flue gas temperature by 
means of the thermocouple grid described in 
section 7.6 of ANSI/ASHRAE 103–1993 at the 
end of post-purge period, tp (TF,OFF(tp)), and at 
the time (1.5 + tp) minutes (TF,OFF(t3)) and (9.0 
+ tp) minutes (TF,OFF(t4)) after the main burn-
er shuts off. For the case where the meas-
ured tp is less than or equal to 30 seconds, it 
shall be tested as if there is no post purge 
and tp shall be set equal to 0. 

8.3 Gas- and oil-fueled gravity and forced air 
central furnaces without stack dampers with 
adjustable fan control—cool-down test. For a 
furnace with adjustable fan control, this 
time delay will be 3.0 minutes for non-con-
densing furnaces or 1.5 minutes for con-
densing furnaces or until the supply air tem-
perature drops to a value of 40 °F above the 
inlet air temperature, whichever results in 
the longest fan on-time. For a furnace with-
out adjustable fan control or with the type 
of adjustable fan control whose range of ad-
justment does not allow for the delay time 
specified above, the control shall be bypassed 
and the fan manually controlled to give the 
delay times specified above. For a furnace 
which employs a single motor to drive the 
power burner and the indoor air circulating 
blower, the power burner and indoor air cir-
culating blower shall be stopped together. 

8.4 Gas-and oil-fueled boilers without stack 
dampers cool-down test. After steady-state 
testing has been completed, turn the main 
burner(s) OFF and measure the flue gas tem-
perature at 3.75 (TF,OFF(t3)) and 22.5 (TF,OFF(t4)) 
minutes after the burner shut off, using the 
thermocouple grid described in section 7.6 of 
ANSI/ASHRAE 103–1993. During this off-pe-
riod, for units that do not have pump delay 
after shutoff, no water shall be allowed to 
circulate through the hot water boilers. For 
units that have pump delay on shutoff, ex-
cept those having pump controls sensing 
water temperature, the pump shall be 
stopped by the unit control and the time t+, 
between burner shutoff and pump shutoff 
shall be measured within one-second accu-
racy. For units having pump delay controls 
that sense water temperature, the pump 
shall be operated for 15 minutes and t+ shall 
be 15 minutes. While the pump is operating, 
the inlet water temperature and flow rate 
shall be maintained at the same values as 
used during the steady-state test as specified 
in sections 9.1 and 8.4.2.3 of ANSI/ASHRAE 
103–1993. 
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For boilers that employ post purge, meas-
ure the length of the post-purge period with 
a stopwatch. The time from burner OFF to 
combustion blower OFF (electrically de-en-
ergized) shall be recorded as tP. For the case 
where tP is intended to be greater than 180 
seconds, stop the combustion blower at 180 
seconds and use that value for tP. Measure 
the flue gas temperature by means of the 
thermocouple grid described in section 7.6 of 
ANSI/ASHRAE 103–1993 at the end of the post 
purge period tP(TF,OFF(tP)) and at the time 
(3.75 + tP) minutes (TF,OFF(t3)) and (22.5 + tP) 
minutes (TF,OFF(t4)) after the main burner 
shuts off. For the case where the measured tP 
is less or equal to 30 seconds, it shall be test-
ed as if there is no post purge and tP shall be 
set to equal 0. 

8.5 Direct measurement of off-cycle losses test-
ing method. [Reserved.] 

8.6 Measurement of electrical standby and off 
mode power. 

8.6.1 Standby power measurement. With all 
electrical auxiliaries of the furnace or boiler 
not activated, measure the standby power 
(PW,SB) in accordance with the procedures in 
IEC 62301 (incorporated by reference, see 
§ 430.3), except that section 8.5 Room Ambient 
Temperature of ASHRAE 103—1993 (incor-
porated by reference, see § 430.3) and the volt-
age provision of section 8.2.1.4 Electrical Sup-
ply of ASHRAE 103—1993 shall apply in lieu 
of the corresponding provisions of IEC 62301 
at section 4.2 Test room and the voltage speci-
fication of section 4.3 Power supply. Fre-
quency shall be 60Hz. Clarifying further, IEC 
62301 section 4.4 Power measurement instru-
ments and section 5 Measurements shall apply 
in lieu of section 6.10 Energy Flow Rate of 
ASHRAE 103—1993. Measure the wattage so 
that all possible standby mode wattage for 
the entire appliance is recorded, not just the 
standby mode wattage of a single auxiliary. 
The recorded standby power (PW,SB) shall be 
rounded to the second decimal place, and for 
loads greater than or equal to 10W, at least 
three significant figures shall be reported. 

8.6.2 Off mode power measurement. If the 
unit is equipped with a seasonal off switch or 
there is an expected difference between off 
mode power and standby mode power, meas-
ure off mode power (PW,OFF) in accordance 
with the standby power procedures in IEC 
62301 (incorporated by reference, see § 430.3), 
except that section 8.5 Room Ambient Tem-
perature of ASHRAE 103—1993 (incorporated 
by reference, see § 430.3) and the voltage pro-
vision of section 8.2.1.4 Electrical Supply of 
ASHRAE 103—1993 shall apply in lieu of the 
corresponding provisions of IEC 62301 at sec-
tion 4.2 Test room and the voltage specifica-
tion of section 4.3 Power supply. Frequency 
shall be 60Hz. Clarifying further, IEC 62301 
section 4.4 Power measurement instruments and 
section 5 Measurements shall apply for this 
measurement in lieu of section 6.10 Energy 
Flow Rate of ASHRAE 103—1993. Measure the 

wattage so that all possible off mode wattage 
for the entire appliance is recorded, not just 
the off mode wattage of a single auxiliary. If 
there is no expected difference in off mode 
power and standby mode power, let PW,OFF = 
PW,SB, in which case no separate measure-
ment of off mode power is necessary. The re-
corded off mode power (PW,OFF) shall be 
rounded to the second decimal place, and for 
loads greater than or equal to 10W, at least 
three significant figures shall be reported. 

9.0 Nomenclature. Nomenclature shall in-
clude the nomenclature specified in section 
10 of ANSI/ASHRAE Standard 103–1993 and 
the following additional variables: 

Effmotor = Efficiency of power burner motor 
PEIG = Electrical power to the interrupted 

ignition device, kW 
RT,a = RT,F if flue gas is measured 

= RT,S if stack gas is measured 
RT,F = Ratio of combustion air mass flow rate 

to stoichiometric air mass flow rate 
RT,S = Ratio of the sum of combustion air and 

relief air mass flow rate to stoichio-
metric air mass flow rate 

tIG = Electrical interrupted ignition device 
on-time, min. 

Ta,SS,X = TF,SS,X if flue gas temperature is 
measured, °F 

= TS,SS,X if stack gas temperature is meas-
ured, °F 

yIG = ratio of electrical interrupted ignition 
device on-time to average burner on-time 

yP = ratio of power burner combustion blow-
er on-time to average burner on-time 

ESO = Average annual electric standby mode 
and off mode energy consumption, in kil-
owatt-hours 

PW,OFF = Furnace or boiler off mode power, in 
watts 

PW,SB = Furnace or boiler standby mode 
power, in watts 

10.0 Calculation of derived results from test 
measurements. Calculations shall be as speci-
fied in section 11 of ANSI/ASHRAE 103–1993 
(incorporated by reference, see § 430.3) and 
the October 24, 1996, Errata Sheet for 
ASHRAE 103–1993, except for sections 
11.5.11.1, 11.5.11.2, and appendices B and C; 
and as specified in sections 10.1 through 10.11 
and Figure 1 of this appendix. 

10.1 Annual fuel utilization efficiency. The 
annual fuel utilization efficiency (AFUE) is 
as defined in sections 11.2.12 (non-condensing 
systems), 11.3.12 (condensing systems), 11.4.12 
(non-condensing modulating systems), and 
11.5.12 (condensing modulating systems) of 
ANSI/ASHRAE 103–1993 (incorporated by ref-
erence, see § 430.3), except for the definition 
for the term EffyHS in the defining equation 
for AFUE. EffyHS is defined as: 

EffyHS = heating seasonal efficiency as de-
fined in sections 11.2.11 (non-condensing sys-
tems), 11.3.11 (condensing systems), 11.4.11 
(non-condensing modulating systems), and 
11.5.11 (condensing modulating systems) of 
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ANSI/ASHRAE 103–1993, except that for con-
densing modulating systems sections 11.5.11.1 
and 11.5.11.2 are replaced by sections 10.2 and 
10.3 of this appendix. EffyHS is based on the 
assumptions that all weatherized warm air 
furnaces or boilers are located outdoors, that 
warm air furnaces which are not weatherized 
are installed as isolated combustion systems, 

and that boilers which are not weatherized 
are installed indoors. 

10.2 Part-Load Efficiency at Reduced Fuel 
Input Rate. Calculate the part-load efficiency 
at the reduced fuel input rate, EffyU,R, for 
condensing furnaces and boilers equipped 
with either step modulating or two-stage 
controls, expressed as a percent and defined 
as: 

Where: 

LL,A = value as defined in section 11.2.7 of 
ASHRAE 103–1993, 

LG = value as defined in section 11.3.11.1 of 
ASHRAE 103–1993 at reduced input rate, 

LC = value as defined in section 11.3.11.2 of 
ASHRAE 103–1993 at reduced input rate, 

LJ = value as defined in section 11.4.8.1.1 of 
ASHRAE 103–1993 at maximum input 
rate, 

tON = value as defined in section 11.4.9.11 of 
ASHRAE 103–1993, 

QP = pilot flame fuel input rate determined 
in accordance with section 9.2 of 
ASHRAE 103–1993 in Btu/h, 

QIN = value as defined in section 11.4.8.1.1 of 
ASHRAE 103–1993, 

tOFF = value as defined in section 11.4.9.12 of 
ASHRAE 103–1993 at reduced input rate, 

LS,ON = value as defined in section 11.4.10.5 of 
ASHRAE 103–1993 at reduced input rate, 

LS,OFF = value as defined in section 11.4.10.6 of 
ASHRAE 103–1993 at reduced input rate, 

LI,ON = value as defined in section 11.4.10.7 of 
ASHRAE 103–1993 at reduced input rate, 

LI,OFF = value as defined in section 11.4.10.8 of 
ASHRAE 103–1993 at reduced input rate, 

CJ = jacket loss factor and equal to: 
= 0.0 for furnaces or boilers intended to be 

installed indoors 
= 1.7 for furnaces intended to be installed 

as isolated combustion systems 
= 2.4 for boilers (other than finned-tube 

boilers) intended to be installed as iso-
lated combustion systems 

= 3.3 for furnaces intended to be installed 
outdoors 

= 4.7 for boilers (other than finned-tube 
boilers) intended to be installed outdoors 

= 1.0 for finned-tube boilers intended to be 
installed outdoors 

= 0.5 for finned-tube boilers intended to be 
installed in internal combustion system 
applications 

LS,SS = value as defined in section 11.5.6 of 
ASHRAE 103–1993 at reduced input rate, 

CS = value as defined in section 11.5.10.1 of 
ASHRAE 103–1993 at reduced input rate. 

10.3 Part-Load Efficiency at Maximum Fuel 
Input Rate. Calculate the part-load efficiency 
at maximum fuel input rate, EffyU,H, for con-
densing furnaces and boilers equipped with 
two-stage controls, expressed as a percent 
and defined as: 
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Where: 

LL,A = value as defined in section 11.2.7 of 
ASHRAE 103–1993, 

LG = value as defined in section 11.3.11.1 of 
ASHRAE 103–1993 at maximum input 
rate, 

LC = value as defined in section 11.3.11.2 of 
ASHRAE 103–1993 at maximum input 
rate, 

LJ = value as defined in section 11.4.8.1.1 of 
ASHRAE 103–1993 at maximum input 
rate, 

tON = value as defined in section 11.4.9.11 of 
ASHRAE 103–1993, 

QP = pilot flame fuel input rate determined 
in accordance with section 9.2 of 
ASHRAE 103–1993 in Btu/h, 

QIN = value as defined in section 11.4.8.1.1 of 
ASHRAE 103–1993, 

tOFF = value as defined in section 11.4.9.12 of 
ASHRAE 103–1993 at maximum input 
rate, 

LS,ON = value as defined in section 11.4.10.5 of 
ASHRAE 103–1993 at maximum input 
rate, 

LS,OFF = value as defined in section 11.4.10.6 of 
ASHRAE 103–1993 at maximum input 
rate, 

LI,ON = value as defined in section 11.4.10.7 of 
ASHRAE 103–1993 at maximum input 
rate, 

LI,OFF = value as defined in section 11.4.10.8 of 
ASHRAE 103–1993 at maximum input 
rate, 

CJ = value as defined in section 10.2 of this 
appendix, 

LS,SS = value as defined in section 11.5.6 of 
ASHRAE 103–1993 at maximum input 
rate, 

CS = value as defined in section 11.5.10.1 of 
ASHRAE 103–1993 at maximum input 
rate. 

10.4 National average burner operating hours, 
average annual fuel energy consumption, and 
average annual auxiliary electrical energy con-
sumption for gas or oil furnaces and boilers. 

10.4.1 National average number of burner op-
erating hours. For furnaces and boilers 
equipped with single stage controls, the na-
tional average number of burner operating 
hours is defined as: 

BOHSS = 2,080 (0.77) A DHR¥2,080 B 

Where: 

2,080 = national average heating load hours 
0.77 = adjustment factor to adjust the cal-

culated design heating requirement and 
heating load hours to the actual heating 
load experienced by the heating system 

DHR = typical design heating requirements 
as listed in Table 8 (in unit of kBtu/h) of 
ANSI/ASHRAE Standard 103–1993, using 
the proper value of QOUT defined in 
11.2.8.1 of ANSI/ASHRAE Standard 103– 
1993 

A = 100,000/[341,300(yP PE + yIG PEIG + yBE) + 
(QIN ¥QP)EffyHS ], for forced draft unit, 
indoors 

= 100,000/[341,300(yP PE Effmotor + yIG PEIG + 
y BE) + (QIN ¥QP)EffyHS ], for forced draft 
unit, ICS, 

= 100,000/[341,300(yP PE(1 ¥ Effmotor) + yIG 
PEIG + y BE) + (QIN ¥QP)EffyHS ], for in-
duced draft unit, indoors, and 

= 100,000/[341,300(yIG PEIG + yBE) + (QIN 
¥QP)EffyHS ], for induced draft unit, ICS 

B = 2 QP (EffyHS)(A)/100,000 

Where: 
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Effmotor = Power burner motor efficiency pro-
vided by manufacturer, 

= 0.50, an assumed default power burner ef-
ficiency if not provided by manufacturer. 

100,000 = factor that accounts for percent and 
kBtu 

PE = burner electrical power input at full- 
load steady-state operation, including 
electrical ignition device if energized, as 
defined in 9.1.2.2 of ANSI/ASHRAE 
Standard 103–1993 

yP = ratio of induced or forced draft blower 
on-time to average burner on-time, as 
follows: 

1 for units without post purge; 
1 + (tP/3.87) for single-stage furnaces with 

post purge; 
1 + (tP/10) for two-stage and step modu-

lating furnaces with post purge; 
1 + (tP/9.68) for single-stage boilers with 

post purge; or 
1 + (tP/15) for two-stage and step modu-

lating boilers with post purge. 
PEIG = electrical input rate to the inter-

rupted ignition device on burner (if em-
ployed), as defined in 8.1 of this appendix 

yIG = ratio of burner interrupted ignition de-
vice on-time to average burner on-time, 
as follows: 

0 for burners not equipped with interrupted 
ignition device; 

(tIG/3.87) for single-stage furnaces; 
(tIG/10) for two-stage and step modulating 

furnaces; 
(tIG/9.68) for single-stage boilers; or 
(tIG/15) for two-stage and step modulating 

boilers. 
tIG = on-time of the burner interrupted igni-

tion device, as defined in 8.1 of this ap-
pendix 

tP = post purge time as defined in 8.2 (fur-
nace) or 8.4 (boiler) of this appendix 

= 0 if tP is equal to or less than 30 seconds. 
y = ratio of blower or pump on-time to aver-

age burner on-time, as follows: 
1 for furnaces without fan delay; 
1 for boilers without a pump delay; 
1 + (t+

¥ t¥)/3.87 for single-stage furnaces 
with fan delay; 

1 + (t+
¥ t¥)/10 for two-stage and step mod-

ulating furnaces with fan delay; 
1 + (t+/9.68) for single-stage boilers with 

pump delay; or 
1 + (t+/15) for two-stage and step modu-

lating boilers with pump delay. 
BE = circulating air fan or water pump elec-

trical energy input rate at full-load 
steady-state operation, as defined in 
ANSI/ASHRAE Standard 103–1993 

QIN = as defined in 11.2.8.1 of ANSI/ASHRAE 
Standard 103–1993 

QP = as defined in 11.2.11 of ANSI/ASHRAE 
Standard 103–1993 

EffyHS = as defined in 11.2.11 (non-condensing 
systems) or 11.3.11.3 (condensing systems) 
of ANSI/ASHRAE Standard 103–1993, per-
cent, and calculated on the basis of: 

ICS installation, for non-weatherized warm 
air furnaces; 

indoor installation, for non-weatherized 
boilers; or 

outdoor installation, for furnaces and boil-
ers that are weatherized. 

2 = ratio of the average length of the heating 
season in hours to the average heating 
load hours 

t+ = as defined in 9.5.1.2 of ANSI/ASHRAE 
Standard 103–1993 or 8.4 of this appendix 

t¥ = as defined in 9.6.1 of ANSI/ASHRAE 
Standard 103–1993 

10.4.1.1 For furnaces and boilers equipped 
with two-stage or step modulating controls, 
the average annual energy used during the 
heating season, EM, is defined as: 
EM = (QIN ¥QP) BOHSS + (8,760¥4,600)QP 

Where: 
QIN = as defined in 11.4.8.1.1 of ANSI/ASHRAE 

Standard 103–1993 
QP = as defined in 11.4.12 of ANSI/ASHRAE 

Standard 103–1993 
BOHSS = as defined in section 10.4.1 of this 

appendix, in which the weighted EffyHS 
as defined in 11.4.11.3 or 11.5.11.3 of ANSI/ 
ASHRAE Standard 103–1993 is used for 
calculating the values of A and B, the 
term DHR is based on the value of QOUT 
defined in 11.4.8.1.1 or 11.5.8.1.1 of ANSI/ 
ASHRAE Standard 103–1993, and the term 
(yP PE + yIGPEIG + yBE) in the factor A 
is increased by the factor R, which is de-
fined as: 

R = 2.3 for two-stage controls 
= 2.3 for step modulating controls when the 

ratio of minimum-to-maximum output is 
greater than or equal to 0.5 

= 3.0 for step modulating controls when the 
ratio of minimum-to-maximum output is 
less than 0.5 

A = 100,000/[341,300(yP PE + yIG PEIG + y BE) 
R + (QIN ¥QP) EffyHS ], for forced draft 
unit, indoors 

= 100,000/[341,300(yP PE Effmotor + yIG PEIG + y 
BE) R + (QIN ¥QP)EffyHS ], for forced 
draft unit, ICS, 

= 100,000/[341,300(yP PE(1-Effmotor) + yIG PEIG + 
y BE) R + (QIN ¥QP) EffyHS ], for induced 
draft unit, indoors, and 

= 100,000/[341,300(yIG PEIG + y BE) R + (QIN 
¥QP) EffyHS ], for induced draft unit, ICS 

Where: 
Effmotor = Power burner motor efficiency pro-

vided by manufacturer, 
= 0.50, an assumed default power burner effi-

ciency if none provided by manufacturer. 
EffyHS = as defined in 11.4.11.3 or 11.5.11.3 of 

ANSI/ASHRAE Standard 103–1993, and 
calculated on the basis of: 

—ICS installation, for non-weatherized 
warm air furnaces 

—indoor installation, for non-weatherized 
boilers 

—outdoor installation, for furnaces and 
boilers that are weatherized 
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8,760 = total number of hours per year 
4,600 = as specified in 11.4.12 of ANSI/ 

ASHRAE Standard 103–1993 
10.4.1.2 For furnaces and boilers equipped 

with two-stage or step modulating controls, 
the national average number of burner oper-
ating hours at the reduced operating mode is 
defined as: 

BOHR = XR EM/QIN,R 

Where: 

XR = as defined in 11.4.8.7 of ANSI/ASHRAE 
Standard 103–1993 

EM = as defined in section 10.4.1.1 of this 
appendix 

QIN,R = as defined in 11.4.8.1.2 of ANSI/ 
ASHRAE Standard 103–1993 

10.4.1.3 For furnaces and boilers equipped 
with two-stage controls, the national aver-
age number of burner operating hours at the 
maximum operating mode (BOHH) is defined 
as: 
BOHH = XH EM/QIN 

Where: 

XH = as defined in 11.4.8.6 of ANSI/ASHRAE 
Standard 103–1993 

EM = as defined in section 10.4.1.1 of this ap-
pendix 

QIN = as defined in 11.4.8.1.1 of ANSI/ASHRAE 
Standard 103–1993 

10.4.1.4 For furnaces and boilers equipped 
with step modulating controls, the national 
average number of burner operating hours at 
the modulating operating mode (BOHM) is 
defined as: 

BOHM = XH EM/QIN,M 

Where: 

XH = as defined in 11.4.8.6 of ANSI/ASHRAE 
Standard 103–1993 

EM = as defined in section 10.4.1.1 of this ap-
pendix 

QIN,M = QOUT,M/(EffySS,M/100) 
QOUT,M = as defined in 11.4.8.10 or 11.5.8.10 of 

ANSI/ASHRAE Standard 103–1993, as ap-
propriate 

EffySS,M = as defined in 11.4.8.8 or 11.5.8.8 of 
ANSI/ASHRAE Standard 103–1993, as ap-
propriate, in percent 

100 = factor that accounts for percent 

10.4.2 Average annual fuel energy consump-
tion for gas or oil fueled furnaces or boilers. For 
furnaces or boilers equipped with single- 
stage controls, the average annual fuel en-
ergy consumption (EF) is expressed in Btu 
per year and defined as: 

EF = BOHSS (QIN ¥QP)+8,760 QP 

Where: 

BOHSS = as defined in 10.4.1 of this appendix 
QIN = as defined in 11.2.8.1 of ANSI/ASHRAE 

Standard 103–1993 
QP = as defined in 11.2.11 of ANSI/ASHRAE 

Standard 103–1993 
8,760 = as specified in 10.4.1.1 of this appendix 

10.4.2.1 For furnaces or boilers equipped 
with either two-stage or step modulating 
controls, EF is defined as: 
EF = EM + 4,600QP 

Where: 
EM = as defined in 10.4.1.1 of this appendix 
4,600 = as specified in 11.4.12 of ANSI/ 

ASHRAE Standard 103–1993 
QP = as defined in 11.2.11 of ANSI/ASHRAE 

Standard 103–1993 
10.4.3 Average annual auxiliary electrical en-

ergy consumption for gas or oil-fueled furnaces 
or boilers. For furnaces and boilers equipped 
with single-stage controls, the average an-
nual auxiliary electrical consumption (EAE) 
is expressed in kilowatt-hours and defined 
as: 
EAE = BOHSS (yP PE + yIG PEIG + yBE) + ESO 

Where: 
BOHSS = as defined in 10.4.1 of this appendix 
PE = as defined in 10.4.1 of this appendix 
yP = as defined in 10.4.1 of this appendix 
yIG = as defined in 10.4.1 of this appendix 
PEIG = as defined in 10.4.1 of this appendix 
y = as defined in 10.4.1 of this appendix 
BE = as defined in 10.4.1 of this appendix 
ESO = as defined in 10.11 of this appendix. 

10.4.3.1 For furnaces or boilers equipped 
with two-stage controls, EAE is defined as: 
EAE = BOHR (yP PER + yIG PEIG + yBER) + 

BOHH (yP PEH + yIG PEIG + y BEH) + ESO 

Where: 
BOHR = as defined in 10.4.1.2 of this appendix 
yP = as defined in 10.4.1 of this appendix 
PER = as defined in 9.1.2.2 and measured at 

the reduced fuel input rate of ANSI/ 
ASHRAE Standard 103–1993, (incor-
porated by reference, see § 430.3) 

yIG = as defined in 10.4.1 of this appendix 
PEIG = as defined in 10.4.1 of this appendix 
y = as defined in 10.4.1 of this appendix 
BER = as defined in 9.1.2.2 of ANSI/ASHRAE 

Standard 103–1993, (incorporated by ref-
erence, see § 430.3) measured at the re-
duced fuel input rate 

BOHH = as defined in 10.4.1.3 of this appendix 
PEH = as defined in 9.1.2.2 of ANSI/ASHRAE 

Standard 103–1993, (incorporated by ref-
erence, see § 430.3) measured at the max-
imum fuel input rate 

BEH = as defined in 9.1.2.2 of ANSI/ASHRAE 
Standard 103–1993, (incorporated by ref-
erence, see § 430.3) measured at the max-
imum fuel input rate 

ESO = as defined in 10.11 of this appendix. 

10.4.3.2 For furnaces or boilers equipped 
with step-modulating controls, EAE is defined 
as: 

EAE = BOHR (yP PER + yIG PEIG + yBER) + 
BOHM (yP PEH + yIG PEIG + y BEH) + ESO 

Where: 

BOHR = as defined in 10.4.1.2 of this appendix 
yP = as defined in 10.4.1 of this appendix 
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PER = as defined in 9.1.2.2 of ANSI/ASHRAE 
Standard 103–1993, (incorporated by ref-
erence, see § 430.3), measured at the re-
duced fuel input rate 

yIG = as defined in 10.4.1 of this appendix 
PEIG = as defined in 10.4.1 of this appendix 
y = as defined in 10.4.1 of this appendix 
BER = as defined in 9.1.2.2 of ANSI/ASHRAE 

Standard 103–1993, (incorporated by ref-
erence, see § 430.3) measured at the re-
duced fuel input rate 

BOHM = as defined in 10.4.1.4 of this appendix 
PEH = as defined in 9.1.2.2 of ANSI/ASHRAE 

Standard 103–1993, (incorporated by ref-
erence, see § 430.3) measured at the max-
imum fuel input rate 

BEH = as defined in 9.1.2.2 of ANSI/ASHRAE 
Standard 103–1993, (incorporated by ref-
erence, see § 430.3) measured at the max-
imum fuel input rate 

ESO = as defined in 10.11 of this appendix. 

10.5 Average annual electric energy consump-
tion for electric furnaces or boilers. 

EE = 100(2,080)(0.77)DHR/(3.412 AFUE) + ESO 

Where: 

100 = to express a percent as a decimal 
2,080 = as specified in 10.4.1 of this appendix 
0.77 = as specified in 10.4.1 of this appendix 
DHR = as defined in 10.4.1 of this appendix 
3.412 = conversion to express energy in terms 

of watt-hours instead of Btu 
AFUE = as defined in 11.1 of ANSI/ASHRAE 

Standard 103–1993 (incorporated by ref-
erence, see § 430.3), in percent, and cal-
culated on the basis of: ICS installation, 
for non-weatherized warm air furnaces; 
indoor installation, for non-weatherized 
boilers; or outdoor installation, for fur-
naces and boilers that are weatherized. 

ESO = as defined in 10.11 of this appendix. 

10.6 Energy factor. 
10.6.1 Energy factor for gas or oil furnaces 

and boilers. Calculate the energy factor, EF, 
for gas or oil furnaces and boilers defined as, 
in percent: 

Where: 
EF = average annual fuel consumption as de-

fined in 10.4.2 of this appendix. 
EAE = as defined in 10.4.3 of this appendix. 
EffyHS = Annual Fuel Utilization Efficiency 

as defined in 11.2.11, 11.3.11, 11.4.11 or 
11.5.11 of ANSI/ASHRAE Standard 103– 
1993, in percent, and calculated on the 
basis of: 

ICS installation, for non-weatherized warm 
air furnaces; 

indoor installation, for non-weatherized 
boilers; or 

outdoor installation, for furnaces and boil-
ers that are weatherized. 

3,412 = conversion factor from kilowatt to 
Btu/h 

10.6.2 Energy factor for electric furnaces and 
boilers. The energy factor, EF, for electric 
furnaces and boilers is defined as: 
EF = AFUE 
Where: 
AFUE = Annual Fuel Utilization Efficiency 

as defined in section 10.5 of this appen-
dix, in percent 

10.7 Average annual energy consumption for 
furnaces and boilers located in a different geo-
graphic region of the United States and in 
buildings with different design heating require-
ments. 

10.7.1 Average annual fuel energy consump-
tion for gas or oil-fueled furnaces and boilers lo-
cated in a different geographic region of the 
United States and in buildings with different 

design heating requirements. For gas or oil- 
fueled furnaces and boilers, the average an-
nual fuel energy consumption for a specific 
geographic region and a specific typical de-
sign heating requirement (EFR) is expressed 
in Btu per year and defined as: 

EFR = (EF ¥8,760 QP)(HLH/2,080) + 8,760 QP 

Where: 

EF = as defined in 10.4.2 of this appendix 
8,760 = as specified in 10.4.1.1 of this appendix 
QP = as defined in 11.2.11 of ANSI/ASHRAE 

Standard 103–1993 
HLH = heating load hours for a specific geo-

graphic region determined from the heat-
ing load hour map in Figure 1 of this ap-
pendix 

2,080 = as defined in 10.4.1 of this appendix 

10.7.2 Average annual auxiliary electrical en-
ergy consumption for gas or oil-fueled furnaces 
and boilers located in a different geographic re-
gion of the United States and in buildings with 
different design heating requirements. For gas 
or oil-fueled furnaces and boilers, the aver-
age annual auxiliary electrical energy con-
sumption for a specific geographic region 
and a specific typical design heating require-
ment (EAER) is expressed in kilowatt-hours 
and defined as: 

EAER = (EAE ¥ ESO) (HLH/2080) + ESOR 

Where: 

EAE = as defined in 10.4.3 of this appendix 
ESO = as defined in 10.11 of this appendix 
HLH = as defined in 10.7.1 of this appendix 
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2,080 = as specified in 10.4.1 of this appendix 
ESOR = as specified in 10.7.3 of this appendix. 

10.7.3 Average annual electric energy con-
sumption for electric furnaces and boilers lo-
cated in a different geographic region of the 
United States and in buildings with different 
design heating requirements. For electric fur-
naces and boilers, the average annual elec-
tric energy consumption for a specific geo-
graphic region and a specific typical design 
heating requirement (EER) is expressed in 
kilowatt-hours and defined as: 

EER = 100(0.77) DHR HLH/(3.412 AFUE) + ESOR 

Where: 

100 = as specified in 10.5 of this appendix 
0.77 = as specified in 10.4.1 of this appendix 
DHR = as defined in 10.4.1 of this appendix 
HLH = as defined in 10.7.1 of this appendix 
3.412 = as specified in 10.5 of this appendix 
AFUE = as defined in 10.5 of this appendix 
ESOR = ESO as defined in 10.11 of this appen-

dix, except that in the equation for ESO, 
the term BOH is multiplied by the ex-
pression (HLH/2080) to get the appro-
priate regional accounting of standby 
mode and off mode loss. 

10.8 Annual energy consumption for mobile 
home furnaces. 

10.8.1 National average number of burner op-
erating hours for mobile home furnaces (BOHSS). 
BOHSS is the same as in 10.4.1 of this appen-
dix, except that the value of EffyHS in the 
calculation of the burner operating hours, 
BOHSS, is calculated on the basis of a direct 
vent unit with system number 9 or 10. 

10.8.2 Average annual fuel energy for mobile 
home furnaces (EF). EF is same as in 10.4.2 of 
this appendix except that the burner oper-
ating hours, BOHSS, is calculated as specified 
in 10.8.1 of this appendix. 

10.8.3 Average annual auxiliary electrical en-
ergy consumption for mobile home furnaces 
(EAE). EAE is the same as in 10.4.3 of this ap-
pendix, except that the burner operating 
hours, BOHSS, is calculated as specified in 
10.8.1 of this appendix. 

10.9 Calculation of sales weighted average an-
nual energy consumption for mobile home fur-
naces. In order to reflect the distribution of 
mobile homes to geographical regions with 
average HLHMHF value different from 2,080, 
adjust the annual fossil fuel and auxiliary 
electrical energy consumption values for mo-
bile home furnaces using the following ad-
justment calculations. 

10.9.1 For mobile home furnaces, the sales 
weighted average annual fossil fuel energy 
consumption is expressed in Btu per year and 
defined as: 

EF,MHF = (EF ¥ 8,760 QP)HLHMHF/2,080+8,760 QP 

Where: 

EF = as defined in 10.8.2 of this appendix 
8,760 = as specified in 10.4.1.1 of this appendix 
QP = as defined in 11.2.11 of ANSI/ASHRAE 

Standard 103–1993 
HLHMHF = 1880, sales weighted average heat-

ing load hours for mobile home furnaces 
2,080 = as specified in 10.4.1 of this appendix 

10.9.2 For mobile home furnaces, the sales 
weighted average annual auxiliary electrical 
energy consumption is expressed in kilowatt- 
hours and defined as: 

EAE,MHF = EAE HLHMHF/2,080 

Where: 

EAE = as defined in 10.8.3 of this appendix 
HLHMHF = as defined in 10.9.1 of this appendix 
2,080 = as specified in 10.4.1 of this appendix 

10.10 Direct determination of off-cycle losses 
for furnaces and boilers equipped with thermal 
stack dampers. [Reserved] 
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10.11 Average annual electrical standby mode 
and off mode energy consumption. Calculate 
the annual electrical standby mode and off 
mode energy consumption (ESO) in kilowatt- 
hours, defined as: 
ESO = ((PW,SB * (4160 ¥ BOH)) + (PW,OFF * 4600)) 

* K 
Where: 
PW,SB = furnace or boiler standby mode 

power, in watts, as measured in section 
8.6 of this appendix 

4,160 = average heating season hours per year 
PW,OFF = furnace or boiler off mode power, in 

watts, as measured in section 8.6 of this 
appendix 

4,600 = average non-heating season hours per 
year 

K = 0.001 kWh/Wh, conversion factor for 
watt-hours to kilowatt-hours 

BOH = total burner operating hours as cal-
culated in section 10.4 for gas or oil- 
fueled furnaces or boilers. Where for gas 
or oil-fueled furnaces and boilers 
equipped with single-stage controls, BOH 
= BOHSS ; for gas or oil-fueled furnaces 
and boilers equipped with two-stage con-
trols, BOH = (BOHR + BOHH); and for gas 
or oil-fueled furnaces and boilers 
equipped with step-modulating controls, 
BOH = (BOHR + BOHM). For electric fur-
naces and boilers, BOH = 
100(2080)(0.77)DHR/(Ein 3.412)(AFUE)) 

Where: 
100 = to express a percent as a decimal 
2,080 = as specified in 10.4.1 of this appendix 

0.77 = as specified in 10.4.1 of this appendix 
DHR = as defined in 10.4.1 of this appendix 
3.412 = conversion to express energy in terms 

of KBtu instead of kilowatt-hours 
AFUE = as defined in 11.1 of ANSI/ASHRAE 

Standard 103–1993 (incorporated by ref-
erence, see § 430.3) in percent 

Ein = Steady-state electric rated power, in 
kilowatts, from section 9.3 of ANSI/ 
ASHRAE Standard 103–1993 (incorporated 
by reference, see § 430.3). 

[62 FR 26157, May 12, 1997, as amended at 62 
FR 53510, Oct. 14, 1997; 75 FR 64631, Oct. 20, 
2010; 76 FR 37546, June 27, 2011; 77 FR 76839, 
Dec. 31, 2012; 78 FR 41272, July 10, 2013; 78 FR 
53625, Aug. 30, 2013] 

APPENDIX O TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF VENTED HOME HEATING 
EQUIPMENT 

NOTE: The procedures and calculations 
that refer to standby mode and off mode en-
ergy consumption, (i.e., sections 3.7 and 4.7 of 
this appendix) need not be performed to de-
termine compliance with energy conserva-
tion standards for vented heaters at this 
time. However, on or after June 17, 2013, any 
representation related to standby mode and 
off mode energy consumption of these prod-
ucts must be based upon results generated 
under this test procedure, consistent with 
the requirements of 42 U.S.C. 6293(c)(2). For 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00529 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31 E
R

30
A

U
13

.0
03

<
/G

P
H

>



520 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. O 

vented home heating equipment, the statute 
requires that after July 1, 2010, any adopted 
energy conservation standard shall incor-
porate standby mode and off mode energy 
consumption, and upon the compliance date 
for such standards, compliance with the ap-
plicable provisions of this test procedure will 
also be required. 

1.0 Definitions 

1.1 ‘‘Active mode’’ means the condition 
during the heating season in which the vent-
ed heater is connected to the power source, 
and either the burner or any electrical auxil-
iary is activated. 

1.2 ‘‘Air shutter’’ means an adjustable de-
vice for varying the size of the primary air 
inlet(s) to the combustion chamber power 
burner. 

1.3 ‘‘Air tube’’ means a tube which carries 
combustion air from the burner fan to the 
burner nozzle for combustion. 

1.4 ‘‘Barometic draft regulator or baro-
metric damper’’ means a mechanical device 
designed to maintain a constant draft in a 
vented heater. 

1.5 ‘‘Draft hood’’ means an external device 
which performs the same function as an inte-
gral draft diverter, as defined in section 1.17 
of this appendix. 

1.6 ‘‘Electro-mechanical stack damper’’ 
means a type of stack damper which is oper-
ated by electrical and/or mechanical means. 

1.7 ‘‘Excess air’’ means air which passes 
through the combustion chamber and the 
vented heater flues in excess of that which is 
theoretically required for complete combus-
tion. 

1.8 ‘‘Flue’’ means a conduit between the 
flue outlet of a vented heater and the inte-
gral draft diverter, draft hood, barometric 
damper or vent terminal through which the 
flue gases pass prior to the point of draft re-
lief. 

1.9 ‘‘Flue damper’’ means a device installed 
between the furnace and the integral draft 
diverter, draft hood, barometric draft regu-
lator, or vent terminal which is not equipped 
with a draft control device, designed to open 
the venting system when the appliance is in 
operation and to close the venting system 
when the appliance is in a standby condition. 

1.10 ‘‘Flue gases’’ means reaction products 
resulting from the combustion of a fuel with 
the oxygen of the air, including the inerts 
and any excess air. 

1.11 ‘‘Flue losses’’ means the sum of sen-
sible and latent heat losses above room tem-
perature of the flue gases leaving a vented 
heater. 

1.12 ‘‘Flue outlet’’ means the opening pro-
vided in a vented heater for the exhaust of 
the flue gases from the combustion chamber. 

1.13 ‘‘Heat input’’ (Qin) means the rate of 
energy supplied in a fuel to a vented heater 
operating under steady-state conditions, ex-
pressed in Btu’s per hour. It includes any 

input energy to the pilot light and is ob-
tained by multiplying the measured rate of 
fuel consumption by the measured higher 
heating value of the fuel. 

1.14 ‘‘Heating capacity’’ (Qout) means the 
rate of useful heat output from a vented 
heater, operating under steady-state condi-
tions, expressed in Btu’s per hour. For room 
and wall heaters, it is obtained by multi-
plying the ‘‘heat input’’ (Qin) by the steady- 
state efficency (hss) divided by 100. For floor 
furnaces, it is obtained by multiplying (A) 
the ‘‘heat input’’ (Qin) by (B) the steady-state 
efficiency divided by 100, minus the quantity 
(2.8) (Lj) divided by 100, where Lj is the jacket 
loss as determined in section 3.2 of this ap-
pendix. 

1.15 ‘‘Higher heating value’’ (HHV) means 
the heat produced per unit of fuel when com-
plete combustion takes place at constant 
pressure and the products of combustion are 
cooled to the initial temperature of the fuel 
and air and when the water vapor formed 
during combustion is condensed. The higher 
heating value is usually expressed in Btu’s 
per pound, Btu’s per cubic foot for gaseous 
fuel, or Btu’s per gallon for liquid fuel. 

1.16 ‘‘IEC 62301 (Second Edition)’’ means 
the test standard published by the Inter-
national Electrotechnical Commission, ti-
tled ‘‘Household electrical appliances—Meas-
urement of standby power,’’ Publication 
62301 Edition 2.0 2011–01 (incorporated by ref-
erence; see § 430.3). 

1.17 ‘‘Induced draft’’ means a method of 
drawing air into the combustion chamber by 
mechanical means. 

1.18 ‘‘Infiltration parameter’’ means that 
portion of unconditioned outside air drawn 
into the heated space as a consequence of 
loss of conditioned air through the exhaust 
system of a vented heater. 

1.19 ‘‘Integral draft diverter’’ means a de-
vice which is an integral part of a vented 
heater, designed to: (1) Provide for the ex-
haust of the products of combustion in the 
event of no draft, back draft, or stoppage be-
yond the draft diverter, (2) prevent a back 
draft from entering the vented heater, and 
(3) neutralize the stack action of the chim-
ney or gas vent upon the operation of the 
vented heater. 

1.20 ‘‘Manually controlled vented heaters’’ 
means either gas or oil fueled vented heaters 
equipped without thermostats. 

1.21 ‘‘Modulating control’’ means either a 
step-modulating or two-stage control. 

1.22 ‘‘Off mode’’ means the condition dur-
ing the non-heating season in which the 
vented heater is connected to the power 
source, and neither the burner nor any elec-
trical auxiliary is activated. 

1.23 ‘‘Power burner’’ means a vented heater 
burner which supplies air for combustion at 
a pressure exceeding atmospheric pressure, 
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or a burner which depends on the draft in-
duced by a fan incorporated in the furnace 
for proper operation. 

1.24 ‘‘Reduced heat input rate’’ means the 
factory adjusted lowest reduced heat input 
rate for vented home heating equipment 
equipped with either two stage thermostats 
or step-modulating thermostats. 

1.25 ‘‘Seasonal off switch’’ means the con-
trol device, such as a lever or toggle, on the 
vented heater that affects a difference in off 
mode energy consumption as compared to 
standby mode consumption. 

1.26 ‘‘Single stage thermostat’’ means a 
thermostat that cycles a burner at the max-
imum heat input rate and off. 

1.27 ‘‘Stack’’ means the portion of the ex-
haust system downstream of the integral 
draft diverter, draft hood or barometric draft 
regulator. 

1.28 ‘‘Stack damper’’ means a device in-
stalled downstream of the integral draft di-
verter, draft hood, or barometric draft regu-
lator, designed to open the venting system 
when the appliance is in operation and to 
close off the venting system when the appli-
ance is in the standby condition. 

1.29 ‘‘Stack gases’’ means the flue gases 
combined with dilution air that enters at the 
integral draft diverter, draft hood or baro-
metric draft regulator. 

1.30 ‘‘Standby mode’’ means the condition 
during the heating season in which the vent-
ed heater is connected to the power source, 
and neither the burner nor any electrical 
auxiliary is activated. 

1.31 ‘‘Steady-state conditions for vented 
home heating equipment’’ means equi-
librium conditions as indicated by tempera-
ture variations of not more than 5 °F (2.8C) 
in the flue gas temperature for units 
equipped with draft hoods, barometric draft 
regulators or direct vent systems, in three 
successive readings taken 15 minutes apart 
or not more than 3 °F (1.7C) in the stack gas 
temperature for units equipped with integral 
draft diverters in three successive readings 
taken 15 minutes apart. 

1.32 ‘‘Step-modulating control’’ means a 
control that either cycles off and on at the 
low input if the heating load is light, or 
gradually, increases the heat input to meet 
any higher heating load that cannot be met 
with the low firing rate. 

1.33 ‘‘Thermal stack damper’’ means a type 
of stack damper which is dependent for oper-
ation exclusively upon the direct conversion 
of thermal energy of the stack gases into 
movement of the damper plate. 

1.34 ‘‘Two stage control’’ means a control 
that either cycles a burner at the reduced 
heat input rate and off or cycles a burner at 
the maximum heat input rate and off. 

1.35 ‘‘Vaporizing-type oil burner’’ means a 
device with an oil vaporizing bowl or other 
receptacle designed to operate by vaporizing 

liquid fuel oil by the heat of combustion and 
mixing the vaporized fuel with air. 

1.36 ‘‘Vent/air intake terminal’’ means a 
device which is located on the outside of a 
building and is connected to a vented heater 
by a system of conduits. It is composed of an 
air intake terminal through which the air 
for combustion is taken from the outside at-
mosphere and a vent terminal from which 
flue gases are discharged. 

1.37 ‘‘Vent limiter’’ means a device which 
limits the flow of air from the atmospheric 
diaphragm chamber of a gas pressure regu-
lator to the atmosphere. A vent limiter may 
be a limiting orifice or other limiting device. 

1.33 ‘‘Vent pipe’’ means the passages and 
conduits in a direct vent system through 
which gases pass from the combustion cham-
ber to the outdoor air. 

2.0 Testing conditions. 

2.1 Installation of test unit. 
2.1.1 Vented wall furnaces (including direct 

vent systems). Install gas fueled vented wall 
furnaces for test as specified in sections 2.1.3 
and 2.1.4 of ANSI Z21.49–1975. Install gas 
fueled wall furnaces with direct vent systems 
for test as described in sections 2.1.3 and 2.1.4 
of ANSI Z21.44–1973. Install oil fueled vented 
wall furnaces as specified in UL–730–1974, sec-
tion 33. Install oil fueled vented wall fur-
naces with direct vent systems as specified 
in UL–730–1974, section 34. 

2.1.2 Vented floor furnaces. Install vented 
floor furnaces for test as specified in sections 
35.1 through 35.5 of UL–729–1976. 

2.1.3 Vented room heaters. Install in accord-
ance with manufacturer’s instructions. 

2.2 Flue and stack requirements. 
2.2.1 Gas fueled vented home heating equip-

ment employing integral draft diverters and 
draft hoods (excluding direct vent systems). At-
tach to, and vertically above the outlet of 
gas fueled vented home heating equipment 
employing draft diverters or draft hoods 
with vertically discharging outlets, a five (5) 
foot long test stack having a cross sectional 
area the same size as the draft diverter out-
let. 

Attach to the outlet of vented heaters hav-
ing a horizontally discharging draft diverter 
or draft hood outlet a 90 degree elbow, and a 
five (5) foot long vertical test stack. A hori-
zontal section of pipe may be used on the 
floor furnace between the diverter and the 
elbow if necessary to clear any framing used 
in the installation. Use the minimum length 
of pipe possible for this section. Use stack, 
elbow, and horizontal section with same 
cross sectional area as the diverter outlet. 

2.2.2 Oil fueled vented home heating equip-
ment (excluding direct vent systems). Use flue 
connections for oil fueled vented floor fur-
naces as specified in section 35 of UL 729– 
1976, sections 34.10 through 34.18 of UL 730– 
1974 for oil fueled vented wall furnaces and 
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sections 36.2 and 36.3 of UL 896–1973 for oil 
fueled vented room heaters. 

2.2.3 Direct vent systems. Have the exhaust/ 
air intake system supplied by the manufac-
turer in place during all tests. Test units in-
tended for installation with a variety of vent 
pipe lengths with the minimum length rec-
ommended by the manufacturer. Do not con-
nect a heater employing a direct vent system 
to a chimney or induced draft source. Vent 
the gas solely on the provision for venting 
incorporated in the heater and the vent/air 
intake system supplied with it. 

2.3 Fuel supply. 
2.3.1 Natural gas. For a vented heater uti-

lizing natural gas, maintain the gas supply 
to the unit under test at a normal inlet test 
pressure immediately ahead of all controls 
at 7 to 10 inches water column. Maintain the 
regulator outlet pressure at normal test 
pressure approximately at that rec-
ommended by the manufacturer. Use natural 
gas having a specific gravity of approxi-
mately 0.65 and a higher heating value with-
in ±5 percent of 1,025 Btu’s per standard cubic 
foot. Determine the actual higher heating 
value in Btu’s per standard cubic foot for the 
natural gas to be used in the test with an 
error no greater than one percent. 

2.3.2 Propane gas. For a vented heater uti-
lizing propane gas, maintain the gas supply 
to the unit under test at a normal inlet pres-
sure of 11 to 13 inches water column and a 
specific gravity of approximately 1.53. Main-
tain the regulator outlet pressure, on units 
so equipped, approximately at that rec-
ommended by the manufacturer. Use propane 
having a specific gravity of approximately 
1.53 and a higher heating value within ±5 per-
cent of 2,500 Btu’s per standard cubic foot. 
Determine the actual higher heating value in 
Btu’s per standard cubic foot for the propane 
to be used in the test with an error no great-
er than one percent. 

2.3.3 Other test gas. Use other test gases 
with characteristics as described in section 
2.2, table VII, of ANSI Standard Z21.11.1–1974. 
Use gases with a measured higher heating 
value within ±5 percent of the values speci-
fied in the above ANSI standard. Determine 
the actual higher heating value of the gas 
used in the test with an error no greater 
than one percent. 

2.3.4 Oil supply. For a vented heater uti-
lizing fuel oil, use No. 1, fuel oil (kerosene) 
for vaporizing-type burners and either No. 1 
or No. 2 fuel oil, as specified by the manufac-
turer, for mechanical atomizing type burn-
ers. Use No. 1 fuel oil with a viscosity meet-
ing the specifications as specified in UL–730– 
1974, section 36.9. Use test fuel conforming to 
the specifications given in tables 2 and 3 of 
ANSI Standard Z91.1–1972 
for No. 1 and No. 2 fuel oil. Measure the high-
er heating value of the test fuel with an 
error no greater than one percent. 

2.3.5 Electrical supply. For auxiliary electric 
components of a vented heater, maintain the 
electrical supply to the test unit within one 
percent of the nameplate voltage for the en-
tire test cycle. If a voltage range is used for 
nameplate voltage, maintain the electrical 
supply within one percent of the mid-point of 
the nameplate voltage range. 

2.4 Burner adjustments. 
2.4.1 Gas burner adjustments. Adjust the 

burners of gas fueled vented heaters to their 
maximum Btu ratings at the test pressure 
specified in section 2.3 of this appendix. Cor-
rect the burner volumetric flow rate to 60 °F 
(15.6C) and 30 inches of mercury barometric 
pressure, set the fuel flow rate to obtain a 
heat rate of within ±2 percent of the hourly 
Btu rating specified by the manufacturer as 
measured after 15 minutes of operation start-
ing with all parts of the vented heater at 
room temperature. Set the primary air shut-
ters in accordance with the manufacturer’s 
recommendations to give a good flame at 
this adjustment. Do not allow the deposit of 
carbon during any test specified herein. 

If a vent limiting means is provided on a 
gas pressure regulator, have it in place dur-
ing all tests. 

For gas fueled heaters with modulating 
controls adjust the controls to operate the 
heater at the maximum fuel input rate. Set 
the thermostat control to the maximum set-
ting. Start the heater by turning the safety 
control valve to the ‘‘on’’ position. In order 
to prevent modulation of the burner at max-
imum input, place the thermostat sensing 
element in a temperature control bath which 
is held at a temperature below the maximum 
set point temperature of the control. 

For gas fueled heaters with modulating 
controls adjust the controls to operate the 
heater at the reduced fuel input rate. Set the 
thermostat control to the minimum setting. 
Start the heater by turning the safety con-
trol valve to the ‘‘on’’ position. If ambient 
test room temperature is above the lowest 
control set point temperature, initiate burn-
er operation by placing the thermostat sens-
ing element in a temperature control bath 
that is held at a temperature below the min-
imum set point temperature of the control. 

2.4.2 Oil burner adjustments. Adjust the 
burners of oil fueled vented heaters to give 
the CO2 reading recommended by the manu-
facturer and an hourly Btu input, during the 
steady-state performance test described 
below, which is within ±2 percent of the heat-
er manufacturer’s specified normal hourly 
Btu input rating. On units employing a 
power burner do not allow smoke in the flue 
to exceed a No. 1 smoke during the steady- 
state performance test as measured by the 
procedure in ANSI Standard Z11.182–1965 
(R1971) (ASTM D 2156–65 (1970)). If, on units 
employing a power burner, the smoke in the 
flue exceeds a No. 1 smoke during the steady- 
state test, readjust the burner to give a 
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lower smoke reading, and, if necessary a 
lower CO2 reading, and start all tests over. 
Maintain the average draft over the fire and 
in the flue during the steady-state perform-
ance test at that recommended by the manu-
facturer within ±0.005 inches of water gauge. 
Do not make additional adjustments to the 
burner during the required series of perform-
ance tests. The instruments and measuring 
apparatus for this test are described in sec-
tion 6.3 of ANSI standard Z91.1–1972. 

2.5 Circulating air adjustments. 
2.5.1 Forced air vented wall furnaces (includ-

ing direct vent systems). During tests maintain 
the air flow through the heater as specified 
by the manufacturer and operate the vented 
heater with the outlet air temperature be-
tween 80 °F and 130 °F above room tempera-
ture. If adjustable air discharge registers are 
provided, adjust them so as to provide the 
maximum possible air restriction. Measure 
air discharge temperature as specified in sec-
tion 2.14 of ANSI Z21.49–1975. 

2.5.2 Fan type vented room heaters and floor 
furnaces. During tests on fan type furnaces 
and heaters, adjust the air flow through the 
heater as specified by the manufacturer. If 
adjustable air discharge registers are pro-
vided, adjust them to provide the maximum 
possible air restriction. 

2.6 Location of temperature measuring instru-
mentation. 

2.6.1 Gas fueled vented home heating equip-
ment (including direct vent systems). For units 
employing an integral draft diverter, install 
nine thermocouples, wired in parallel, in a 
horizontal plane in the five foot test stack 
located one foot from the test stack inlet. 
Equalize the length of all thermocouple 
leads before paralleling. Locate one thermo-
couple in the center of the stack. Locate 
eight thermocouples along imaginary lines 
intersecting at right angles in this hori-
zontal plane at points one third and two 
thirds of the distance between the center of 
the stack and the stack wall. 

For units which employ a direct vent sys-
tem, locate at least one thermocouple at the 
center of each flue way exiting the heat ex-
changer. Provide radiation shields if the 
thermocouples are exposed to burner radi-
ation. 

For units which employ a draft hood or 
units which employ a direct vent system 
which does not significantly preheat the in-
coming combustion air, install nine 
thermocouples, wired in parallel, in a hori-
zontal plane located within 12 inches (304.8 
mm) of the heater outlet and upstream of 
the draft hood on units so equipped. Locate 
one thermocouple in the center of the pipe 
and eight thermocouples along imaginary 
lines intersecting at right angles in this hor-
izontal plane at points one third and two 
thirds of the distance between the center of 
the pipe and the pipe wall. 

For units which employ direct vent sys-
tems that significantly preheat the incoming 
combustion air, install nine thermocouples, 
wired in parallel, in a plane parallel to and 
located within 6 inches (152.4 mm) of the 
vent/air intake terminal. Equalize the length 
of all thermocouple leads before paralleling. 
Locate one thermocouple in the center of the 
vent pipe and eight thermocouples along 
imaginary lines intersecting at right angles 
in this plane at points one third and two 
thirds of the distance between the center of 
the flue pipe and the pipe wall. 

Use bead-type thermocouples having wire 
size not greater than No. 24 American Wire 
Gauge (AWG). If there is a possibility that 
the thermocouples could receive direct radi-
ation from the fire, install radiation shields 
on the fire side of the thermocouples only 
and position the shields so that they do not 
touch the thermocouple junctions. 

Install thermocouples for measuring condi-
tioned warm air temperature as described in 
ANSI Z21.49–1975, section 2.14. Establish the 
temperature of the inlet air by means of sin-
gle No. 24 AWG bead-type thermocouple, 
suitably shielded from direct radiation and 
located in the center of the plane of each 
inlet air opening. 

2.6.2 Oil fueled vented home heating equip-
ment (including direct vent systems). Install 
nine thermocouples, wired in parallel and 
having equal length leads, in a plane perpen-
dicular to the axis of the flue pipe. Locate 
this plane at the position shown in Figure 
34.4 of UL 730–1974, or Figures 35.1 and 35.2 of 
UL 729–1976 for a single thermocouple, except 
that on direct vent systems which signifi-
cantly preheat the incoming combustion air, 
it shall be located within 6 inches (152.5 mm) 
of the outlet of the vent/air intake terminal. 
Locate one thermocouple in the center of the 
flue pipe and eight thermocouples along 
imaginary lines intersecting at right angles 
in this plane at points one third and two 
thirds of the distance between the center of 
the pipe and pipe wall. 

Use bead-type thermocouples having a wire 
size not greater than No. 24 AWG. If there is 
a possibility that the thermocouples could 
receive direct radiation from the fire, install 
radiation shields on the fire side of the 
thermocouples only and position the shields 
so that they do not touch the thermocouple 
junctions. 

Install thermocouples for measuring the 
conditioned warm air temperature as de-
scribed in sections 35.12 through 35.17 of UL 
730–1974. Establish the temperature of the 
inlet air by means of a single No. 24 AWG 
bead-type thermocouple, suitably shielded 
from direct radiation and located in the cen-
ter of the plane of each inlet air opening. 

2.7 Combustion measurement instrumentation. 
Analyze the samples of stack and flue gases 
for vented heaters to determine the con-
centration by volume of carbon dioxide 
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present in the dry gas with instrumentation 
which will result in a reading having an ac-
curacy of ±0.1 percentage points. 

2.8 Energy flow instrumentation. Install one 
or more instruments, which measure the 
rate of gas flow or fuel oil supplied to the 
vented heater, and if appropriate, the elec-
trical energy with an error no greater than 
one percent. 

2.9 Room ambient temperature. During the 
time period required to perform all the test-
ing and measurement procedures specified in 
section 3.0 of this appendix, maintain the 
room temperature within ±5 °F (±2.8C) of the 
value TRA measured during the steady-state 
performance test. At no time during these 
tests shall the room temperature exceed 100 
°F (37.8C) or fall below 65 °F (18.3C). 

Temperature (TRA) shall be the arithmetic 
average temperature of the test area, deter-
mined by measurement with four No. 24 
AWG bead-type thermocouples with junc-
tions shielded against radiation, located ap-
proximately at 90-degree positions on a cir-
cle circumscribing the heater or heater 
enclosure under test, in a horizontal plane 
approximately at the vertical midpoint of 
the appliance or test enclosure, and with the 
junctions approximately 24 inches from sides 
of the heater or test enclosure and located so 
as not to be affected by other than room air. 
Locate a thermocouple at each elevation of 
draft relief inlet opening and combustion air 
inlet opening at a distance of approximately 
24 inches from the inlet openings. The tem-
perature of the air for combustion and the 
air for draft relief shall not differ more than 
±5 °F from room temperature as measured 
above. 

2.10 Equipment used to measure mass flow 
rate in flue and stack. The tracer gas chosen 
for this task should have a density which is 
less than or approximately equal to the den-
sity of air. Use a gas unreactive with the en-
vironment to be encountered. Using instru-
mentation of either the batch or continuous 
type, measure the concentration of tracer 
gas with an error no greater than 2 percent 
of the value of the concentration measured. 

3.0 Testing and measurements. 

3.1 Steady-state testing. 
3.1.1 Gas fueled vented home heating equip-

ment (including direct vent systems). Set up the 
vented heater as specified in sections 2.1, 2.2, 
and 2.3 of this appendix. The draft diverter 
shall be in the normal open condition and 
the stack shall not be insulated. (Insulation 
of the stack is no longer required for the 
vented heater test.) Begin the steady-state 
performance test by operating the burner 
and the circulating air blower, on units so 
equipped, with the adjustments specified by 
sections 2.4.1 and 2.5 of this appendix, until 
steady-state conditions are attained as indi-
cated by a temperature variation of not 
more than 3 °F (1.7 C) in the stack gas tem-

perature for vented heaters equipped with 
draft diverters or 5 °F (2.8 C) in the flue gas 
temperature for vented heaters equipped 
with either draft hoods or direct vent sys-
tems; in three successive readings taken 15 
minutes apart. 

On units employing draft diverters, meas-
ure the room temperature (TRA) as described 
in section 2.9 of this appendix and measure 
the steady-state stack gas temperature 
(TS,SS) using the nine thermocouples located 
in the 5 foot test stack as specified in section 
2.6.1 of this appendix. Secure a sample of the 
stack gases in the plane where TS,SS is meas-
ured or within 3.5 feet downstream of this 
plane. Determine the concentration by vol-
ume of carbon dioxide (XCO2S) present in the 
dry stack gas. If the location of the gas sam-
pling differs from the temperature measure-
ment plane, there shall be no air leaks 
through the stack between these two loca-
tions. 

On units employing draft hoods or direct 
vent systems, measure the room tempera-
ture (TRA) as described in section 2.9 of this 
appendix and measure the steady-state flue 
gas temperature (TF,SS), using the nine 
thermocouples located in the flue pipe as de-
scribed in section 2.6.1 of this appendix. Se-
cure a sample of the flue gas in the plane of 
temperature measurement and determine 
the concentration by volume of CO2 (XCO2F) 
present in dry flue gas. In addition, for units 
employing draft hoods, secure a sample of 
the stack gas in a horizontal plane in the 
five foot test stack located one foot from the 
test stack inlet; and determine the con-
centration by volume of CO2 (XCO2S) present 
in dry stack gas. 

Determine the steady-state heat input rate 
(Qin) including pilot gas by multiplying the 
measured higher heating value of the test 
gas by the steady-state gas input rate cor-
rected to standard conditions of 60 °F and 30 
inches of mercury. Use measured values of 
gas temperature and pressure at the meter 
and the barometric pressure to correct the 
metered gas flow rate to standard condi-
tions. 

After the above test measurements have 
been completed on units employing draft 
diverters, secure a sample of the flue gases 
at the exit of the heat exchanger(s) and de-
termine the concentration of CO2 (XCO2F) 
present. In obtaining this sample of flue gas, 
move the sampling probe around or use a 
sample probe with multiple sampling ports 
in order to assure that an average value is 
obtained for the CO2 concentration. For 
units with multiple heat exchanger outlets, 
measure the CO2 concentration in a sample 
from each outlet to obtain the average CO2 
concentration for the unit. A manifold (par-
allel connected sampling tubes) may be used 
to obtain this sample. 

For heaters with single stage thermostat 
control (wall mounted electric thermostats), 
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determine the steady-state efficiency at the 
maximum fuel input rate as specified in sec-
tion 2.4 of this appendix. 

For gas fueled vented heaters equipped 
with either two stage thermostats or step- 
modulating thermostats, determine the 
steady-state efficiency at the maximum fuel 
input rate, as specified in section 2.4.1 of this 
appendix, and at the reduced fuel input rate, 
as specified in section 2.4.1 of this appendix. 

For manually controlled gas fueled vented 
heaters, with various input rates determine 
the steady-state efficiency at a fuel input 
rate that is within ±5 percent of 50 percent of 
the maximum fuel input rate. If the heater is 
designed to use a control that precludes op-
eration at other than maximum output (sin-
gle firing rate) determine the steady state 
efficiency at the maximum input rate only. 

3.1.2 Oil fueled vented home heating equip-
ment (including direct vent systems). Set up 
and adjust the vented heater as specified in 
sections 2.1, 2.2, and 2.3.4 of this appendix. 
Begin the steady-state performance test by 
operating the burner and the circulating air 
blower, on units so equipped, with the ad-
justments specified by sections 2.4.2 and 2.5 
of this appendix until steady-state condi-
tions are attained as indicated by a tempera-
ture variation of not more than 5 °F (2.8 C) 
in the flue gas temperature in three succes-
sive readings taken 15 minutes apart. 

Do not allow smoke in the flue, for units 
equipped with power burners, to exceed a No. 
1 smoke during the steady-state performance 
test as measured by the procedure described 
in ANSI standard Z11.182–1965 (R1971) (ASTM 
D 2156–65 (1970)). Maintain the average draft 
over the fire and in the breeching during the 
steady-state performance test at that rec-
ommended by the manufacturer ±0.005 inches 
of water gauge. 

Measure the room temperature (TRA) as de-
scribed in section 2.9 of this appendix and 
measure the steady-state flue gas tempera-
ture (TF,SS) using nine thermocouples located 
in the flue pipe as described in section 2.6.2 
of this appendix. Secure a sample of the flue 
gas in the plane of temperature measure-
ment and determine the concentration by 
volume of CO2(XCO2F) present in dry flue gas. 
Measure and record the steady-state heat 
input rate (Qin). 

For manually controlled oil fueled vented 
heaters, determine the steady-state effi-
ciency at a fuel input rate that is within ±5 
percent of 50 percent of the maximum fuel 
input rate. 

3.1.3 Auxiliary Electric Power Measurement. 
Allow the auxiliary electrical system of a 
gas or oil vented heater to operate for at 
least five minutes before recording the max-
imum auxiliary electric power measurement 
from the wattmeter. Record the maximum 
electric power (PE) expressed in kilowatts. 
For vented heaters with modulating con-
trols, the recorded (PE) shall be maximum 

measured electric power multiplied by the 
following factor (R). For two stage controls, 
R=1.3. For step modulating controls, R=1.4 
when the ratio of minimum-to-maximum 
fuel input is greater than or equal to 0.7, 
R=1.7 when the ratio of minimum-to-max-
imum fuel input is less than 0.7 and greater 
than or equal to 0.5, and R=2.2 when the ratio 
of minimum-to-maximum fuel input is less 
than 0.5. 

3.2 Jacket loss measurement. Conduct a jack-
et loss test for vented floor furnaces. Meas-
ure the jacket loss (Lj) in accordance with 
the ANSI standard Z21.48–1976 section 2.12. 

3.3 Measurement of the off-cycle losses for 
vented heaters equipped with thermal stack 
dampers. Install the thermal stack damper 
according to the manufacturer’s instruc-
tions. Unless specified otherwise, the ther-
mal stack damper should be at the draft di-
verter exit collar. Attach a five foot length 
of bare stack to the outlet of the damper. In-
stall thermocouples as specified in section 
2.6.1 of this appendix. 

For vented heaters equipped with single 
stage thermostats, measure the off-cycle 
losses at the maximum fuel input rate. For 
vented heaters equipped with two stage ther-
mostats, measure the off-cycle losses at the 
maximum fuel input rate and at the reduced 
fuel input rate. For vented heaters equipped 
with step-modulating thermostats, measure 
the off-cycle losses at the reduced fuel input 
rate. 

Let the vented heater heat up to a steady- 
state condition. Feed a tracer gas at a con-
stant metered rate into the stack directly 
above and within one foot above the stack 
damper. Record tracer gas flow rate and tem-
perature. Measure the tracer gas concentra-
tion in the stack at several locations in a 
horizontal plane through a cross section of 
the stack at a point sufficiently above the 
stack damper to ensure that the tracer gas is 
well mixed in the stack. 

Continuously measure the tracer gas con-
centration and temperature during a 10 
minute cool down period. Shut the burner off 
and immediately begin measuring tracer gas 
concentration in the stack, stack tempera-
ture, room temperature, and barometric 
pressure. Record these values as the mid-
point of each one-minute interval between 
burner shut down and ten minutes after 
burner shut down. Meter response time and 
sampling delay time shall be considered in 
timing these measurements. 

3.4 Measurement of the effectiveness of 
electro-mechanical stack dampers. For vented 
heaters equipped with electro-mechanical 
stack dampers, measure the cross sectional 
area of the stack (As), the net area of the 
damper plate (Ao), and the angle that the 
damper plate makes when closed with a 
plane perpendicular to the axis of the stack 
(W). The net area of the damper plate means 
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the area of the damper plate minus the area 
of any holes through the damper plate. 

3.5 Pilot light measurement. 
3.5.1 Measure the energy input rate to the 

pilot light (QP) with an error no greater than 
3 percent for vented heaters so equipped. 

3.5.2 For manually controlled heaters 
where the pilot light is designed to be turned 
off by the user when the heater is not in use, 
that is, turning the control to the OFF posi-
tion will shut off the gas supply to the burn-
er(s) and to the pilot light, the measurement 
of QP is not needed. This provision applies 
only if an instruction to turn off the unit is 
provided on the heater near the gas control 
valve (e.g. by label) by the manufacturer. 

3.6 Optional procedure for determining Dp′ DF′ 
and Ds for systems for all types of vented heat-
ers. For all types of vented heaters, Dp′ DF′ 
and DS can be measured by the following op-
tional cool down test. 

Conduct a cool down test by letting the 
unit heat up until steady-state conditions 
are reached, as indicated by temperature 
variation of not more than 5 °F (2.8 °C) in the 
flue gas temperature in three successive 
readings taken 15 minutes apart, and then 
shutting the unit off with the stack or flue 
damper controls by-passed or adjusted so 
that the stack or flue damper remains open 
during the resulting cool down period. If a 
draft was maintained on oil fueled units in 
the flue pipe during the steady-state per-
formance test described in section 3.1 of this 
appendix, maintain the same draft (within a 
range of ¥.001 to +.005 inches of water gauge 
of the average steady-state draft) during this 
cool down period. 

Measure the flue gas mass flow rate 
(mF,OFF) during the cool down test described 
above at a specific off-period flue gas tem-
perature and corrected to obtain its value at 
the steady-state flue gas temperature (TF,SS), 
using the procedure described below. 

Within one minute after the unit is shut 
off to start the cool down test for deter-
mining DF, begin feeding a tracer gas into 
the combustion chamber at a constant flow 
rate of VT, and at a point which will allow 
for the best possible mixing with the air 
flowing through the chamber. (On units 
equipped with an oil fired power burner, the 
best location for injecting this tracer gas ap-
pears to be through a hole drilled in the air 
tube.) Periodically measure the value of VT 
with an instantaneously reading flow meter 
having an accuracy of ±3 percent of the quan-
tity measured. Maintain VT at less than 1 
percent of the air flow rate through the fur-
nace. If a combustible tracer gas is used, 
there should be a delay period between the 
time the burner gas is shut off and the time 
the tracer gas is first injected to prevent ig-
nition of the tracer gas. 

Between 5 and 6 minutes after the unit is 
shut off to start the cool down test, measure 

at the exit of the heat exchanger the average 
flue gas temperature, T*F,Off. At the same in-
stant the flue gas temperature is measured, 
also measure the percent volumetric con-
centration of tracer gas CT in the flue gas in 
the same plane where T*F,Off is determined. 
Obtain the concentration of tracer gas using 
an instrument which will result in an accu-
racy of ±2 percent in the value of CT meas-
ured. If use of a continuous reading type in-
strument results in a delay time between 
drawing of a sample and its analysis, this 
delay should be taken into account so that 
the temperature measurement and the meas-
urement of tracer gas concentration coin-
cide. In addition, determine the temperature 
of the tracer gas entering the flow meter (TT) 
and the barometric pressure (PB). 

The rate of the flue gas mass flow through 
the vented heater and the factors DP, DF, and 
DS are calculated by the equations in sec-
tions 4.5.1 through 4.5.3 of this appendix. 

3.7 Measurement of electrical standby mode 
and off mode power. 

3.7.1 Standby power measurements. With all 
electrical auxiliaries of the vented heater 
not activated, measure the standby power 
(PW,SB) in accordance with the procedures in 
IEC 62301 (Second Edition) (incorporated by 
reference, see § 430.3), except that section 2.9, 
Room ambient temperature, and the voltage 
provision of section 2.3.5, Electrical supply, of 
this appendix shall apply in lieu of the IEC 
62301 (Second Edition) corresponding sec-
tions 4.2, Test room, and 4.3, Power supply. 
Clarifying further, the IEC 62301 (Second Edi-
tion) sections 4.4, Power measuring instru-
ments, and section 5, Measurements, shall 
apply in lieu of section 2.8, Energy flow in-
strumentation, of this appendix. Measure the 
wattage so that all possible standby mode 
wattage for the entire appliance is recorded, 
not just the standby mode wattage of a sin-
gle auxiliary. The recorded standby power 
(PW,SB) shall be rounded to the second dec-
imal place, and for loads greater than or 
equal to 10W, at least three significant fig-
ures shall be reported. 

3.7.2 Off mode power measurement. If the 
unit is equipped with a seasonal off switch or 
there is an expected difference between off 
mode power and standby mode power, meas-
ure off mode power (PW,OFF) in accordance 
with the standby power procedures in IEC 
62301 (Second Edition) (incorporated by ref-
erence, see § 430.3), except that section 2.9, 
Room ambient temperature, and the voltage 
provision of section 2.3.5, Electrical supply, of 
this appendix shall apply in lieu of the IEC 
62301 (Second Edition) corresponding sec-
tions 4.2, Test room, and 4.3, Power supply. 
Clarifying further, the IEC 62301 (Second Edi-
tion) sections 4.4, Power measuring instru-
ments, and section 5, Measurements, shall 
apply in lieu of section 2.8, Energy flow in-
strumentation, of this appendix. Measure the 
wattage so that all possible off mode wattage 
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for the entire appliance is recorded, not just 
the off mode wattage of a single auxiliary. If 
there is no expected difference in off mode 
power and standby mode power, let PW,OFF = 
PW,SB, in which case no separate measure-
ment of off mode power is necessary. The re-
corded off mode power (PW,OFF) shall be 
rounded to the second decimal place, and for 
loads greater than or equal to 10W, at least 
three significant figures shall be reported. 

4.0 Calculations. 

4.1 Annual fuel utilization efficiency for gas 
or oil fueled vented home heating equipment 
equipped without manual controls and without 
thermal stack dampers. The following proce-
dure determines the annual fuel utilization 
efficiency for gas or oil fueled vented home 
heating equipment equipped without manual 
controls and without thermal stack dampers. 

4.1.1 System number. Obtain the system 
number from Table 1 of this appendix. 

4.1.2 Off-cycle flue gas draft factor. Based on 
the system number, determine the off-cycle 
flue gas draft factor (DF) from Table 1 of this 
appendix. 

4.1.3 Off-cycle stack gas draft factor. Based 
on the system number, determine the off- 
cycle stack gas draft factor (Ds) from Table 
1 of this appendix. 

4.1.4 Pilot fraction. Calculate the pilot frac-
tion (PF) expressed as a decimal and defined 
as: 

PF = QP/Qin 

where: 
QP = as defined in 3.5 of this appendix 
Qin = as defined in 3.1 of this appendix at the 

maximum fuel input rate 

4.1.5 Jacket loss for floor furnaces. Determine 
the jacket loss (Lj) expressed as a percent 
and measured in accordance with section 3.2 
of this appendix. For other vented heaters Lj 
= 0.0. 

4.1.6 Latent heat loss. Based on the fuel, ob-
tain the latent heat loss (LL,A) from Table 2 
of this appendix. 

4.1.7 Ratio of combustion air mass flow rate to 
stoichiometric air mass flow rate. Determine 
the ratio of combustion air mass flow rate to 
stoichiometric air mass flow rate (RT,F), and 
defined as: 

RT,F = A+B/XCO2F 

where: 
A=as determined from Table 2 of this appen-

dix 
B=as determined from Table 2 of this appen-

dix 
XCO2F = as defined in 3.1 of this appendix 

4.1.8 Ratio of combustion and relief air mass 
flow rate to stoichiometric air mass flow rate. 
For vented heaters equipped with either an 
integral draft diverter or a drafthood, deter-
mine the ratio of combustion and relief air 

mass flow rate to stoichiometric air mass 
flow rate (RT,S), and defined as: 

RT,S = A+[B/XCO2S] 

where: 
A=as determined from Table 2 of this appen-

dix 
B=as determined from Table 2 of this appen-

dix 
XCO2S = as defined in 3.1 of this appendix 

4.1.9 Sensible heat loss at steady-state oper-
ation. For vented heaters equipped with ei-
ther an integral draft diverter or a draft 
hood, determine the sensible heat loss at 
steady-state operation (LS,SS,A) expressed as a 
percent and defined as: 

where: 
LS,SS,A = C(RT,S+D)(TS,SS¥TRA) 
C=as determined from Table 2 of this appen-

dix 
RT,S = as defined in 4.1.8 of this appendix 
D=as determined from Table 2 of this appen-

dix 
TS,SS = as defined in 3.1 of this appendix 
TRA = as defined in 2.9 of this appendix 

For vented heaters equipped without an in-
tegral draft diverter, determine (LS,SS,A) ex-
pressed as a percent and defined as: 

LS,SS,A = C(RT,F+D)(TF,SS¥TRA) 

where: 
C=as determined from Table 2 of this appen-

dix 
RT,F = as defined in 4.1.7 of this appendix 
D=as determined from Table 2 of this appen-

dix 
TF,SS = as defined in 3.1 of this appendix 
TRA = as defined in 2.9 of this appendix 

4.1.10 Steady-state efficiency. For vented 
heaters equipped with single stage thermo-
stats, calculate the steady-state efficiency 
(excluding jacket loss, hSS, expressed in per-
cent and defined as: 

hSS = 100¥LL,A¥LS,SS,A 

where: 
LL,A = as defined in 4.1.6 of this appendix 
LS,SS,A = as defined in 4.1.9 of this appendix 

For vented heaters equipped with either 
two stage thermostats or with step-modu-
lating thermostats, calculate the steady- 
state efficiency at the reduced fuel input 
rate, hSS, L, expressed in percent and defined 
as: 

hSS–L = 100¥LL,A¥LS,SS,A 

where: 
LL,A = as defined in 4.1.6 of this appendix 
LS,SS,A = as defined in 4.1.9 of this appendix in 

which LS,SS,A is determined at the reduced 
fuel input rate 

For vented heaters equipped with two 
stage thermostats, calculate the steady- 
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state efficiency at the maximum fuel input 
rate, 
hSS–H, expressed in percent and defined as: 

hSS–H = 100¥LL,A¥LS,SS,A 

where: 

LL,A = as defined in 4.1.6 of this appendix 

LS,SS,A = as defined in 4.1.9 of this appendix in 
which LS,SS,A is measured at the max-
imum fuel input rate 

For vented heaters equipped with step- 
modulating thermostats, calculate the 
weighted-average steady-state efficiency in 
the modulating mode, hSS–MOD, expressed in 
percent and defined as: 

η η η ηSS MOD SS H SS L
C OA

C

SS L

T T

T
− − − −= −[ ] −

−

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

+*

15

where: 

hSS–H = as defined in 4.1.10 of this appendix 
hSS–L = as defined in 4.1.10 of this appendix 
TOA* = average outdoor temperature for vent-

ed heaters with step-modulating thermo-
stats operating in the modulating mode 
and is obtained from Table 3 or Figure 1 
of this appendix 

TC = balance point temperature which rep-
resents a temperature used to apportion 
the annual heating load between the re-
duced input cycling mode and either the 
modulating mode or maximum input cy-
cling mode and is obtained either from 
Table 3 of this appendix or calculated by 
the following equation: 

TC = 65¥[(65¥15)R] 

where: 

65=average outdoor temperature at which a 
vented heater starts operating 

15=national average outdoor design tempera-
ture for vented heaters 

R=ratio of reduced to maximum heat output 
rates, as defined in 4.1.13 of this appendix 

4.1.11 Reduced heat output rate. For vented 
heaters equipped with either two stage ther-
mostats or step-modulating thermostats, 
calculate the reduced heat output rate 
(Qred-out) defined as: 

Qred-out = hSS–L Qred-in 

where: 

hSS–L = as defined in 4.1.10 of this appendix 
Qred-in = the reduced fuel input rate 

4.1.12 Maximum heat output rate. For vented 
heaters equipped with either two stage ther-
mostats or step-modulating thermostas, cal-
culate the maximum heat output rate 
(Qmax-out) defined as: 

Qmax,out = hSS,H Qmax,in 

where: 

hSS–H = as defined in 4.1.10 of this appendix 
Qmax-in = the maximum fuel input rate 

4.1.13 Ratio of reduced to maximum heat out-
put rates. For vented heaters equipped with 
either two stage thermostats or step-modu-
lating thermostats, calculate the ratio of re-
duced to maximum heat output rates (R) ex-
pressed as a decimal and defined as: 

R=Qred-out/Qmax-out 

where: 

Qred-out = as defined in 4.1.11 of this appendix 
Qmax-out = as defined in 4.1.12 of this appendix 

4.1.14 Fraction of heating load at reduced op-
erating mode. For vented heaters equipped 
with either two stage thermostats or step- 
modulating thermostats, determine the frac-
tion of heating load at the reduced operating 
mode (X1) expressed as a decimal and listed 
in Table 3 of this appendix or obtained from 
Figure 2 of this appendix. 

4.1.15 Fraction of heating load at maximum 
operating mode or noncycling mode. For vented 
heaters equFipped with either two stage 
thermostats or step-modulating therostats, 
determine the fraction of heating load at the 
maximum operating mode or noncycling 
mode (X2) expressed as a decimal and listed 
in Table 3 of this appendix or obtained from 
Figure 2 of this appendix. 

4.1.16 Weighted-average steady-state effi-
ciency. For vented heaters equipped with sin-
gle stage thermostats, the weighted-average 
steady-state efficiency (hSS–WT) is equal to 
hSS, as defined in section 4.1.10 of this appen-
dix. For vented heaters equipped with two 
stage thermostats, hSS–WT is defined as: 

hSS–WT = X1hSS–L+X2hSS–H 

where: 

X1 = as defined in 4.1.14 of this appendix 
hSS–L = as defined in 4.1.10 of this appendix 
X2 = as defined in 4.1.15 of this appendix 
hSS–H = as defined in 4.1.10 of this appendix 

For vented heaters equipped with step- 
modulating thermostats, hSS–WT is defined as: 

hSS–WT = X1hSS–L+X2hSS–MOD 

where: 
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X1 = as defined in 4.1.14 of this appendix 
hSS–L = as defined in 4.1.10 of this appendix 
X2 = as defined in 4.1.15 of this appendix 
hSS–MOD = as defined in 4.1.10 of this appendix 

4.1.17 Annual fuel utilization efficiency. Cal-
culate the annual fuel utilization efficiency 
(AFUE) expressed as percent and defined as: 

AFUE=[0.968hSS
¥

WT] ¥ 1.78DF ¥ 1.89DS ¥ 

129PF ¥ 2.8 LJ + 1.81 

where: 
hSS–WT = as defined in 4.1.16 of this appendix 
DF = as defined in 4.1.2 of this appendix 
DS = as defined in 4.1.3 of this appendix 
PF = as defined in 4.1.4 of this appendix 
LJ = as defined in 4.1.5 of this appendix 

4.2 Annual fuel utilization efficiency for gas 
or oil fueled vented home heating equipment 
equipped with manual controls. The following 
procedure determines the annual fuel utiliza-
tion efficiency for gas or oil fueled vented 
home heating equipment equipped with man-
ual controls. 

4.2.1 Average ratio of stack gas mass flow rate 
to flue gas mass flow rate at steady-state oper-
ation. For vented heaters equipped with ei-
ther direct vents or direct exhaust or are 
outdoor units, the average ratio of stack gas 
mass flow rate to flue gas mass flow rate at 
steady-state operation (S/F) shall be equal to 
unity. (S/F=1.) For all other types of vented 
heaters, calculate (S/F) defined as: 

S/F=1.3RT,S/RT,F 

where: 
RT,S = as defined in 4.1.8 of this appendix with 

XCO2s measured at 50% fuel input rate 
RT,F = as defined in 4.1.7 of this appendix with 

XCO2F measured at 50% fuel input rate 

4.2.2 Multiplication factor for infiltration loss 
during burner on-cycle. Calculate the mul-
tiplication factor for infiltration loss during 
burner on-cycle (KI,ON) defined as: 

KI,ON = 100(0.24) (S/F) (0.7) [1+RT,F(A/F)]/HHVA 

where: 
100=converts a decimal fraction into a per-

cent 
0.24=specific heat of air 
A/F=stoichiometric air/fuel ratio, deter-

mined in accordance with Table 2 of this 
appendix 

S/F=as defined in 4.2.1 of this appendix at 50 
percent of rated maximum fuel input 

0.7=infiltration parameter 
RT,F = as defined in 4.1.7 of this appendix 
HHVA = average higher heating value of the 

test fuel, determined in accordance with 
Table 2 of this appendix 

4.2.3 On-cycle infiltration heat loss. Calculate 
the on-cycle infiltration heat loss (LI,ON) ex-
pressed as a percent and defined as: 

LI,ON = KI,ON (70–45) 

where: 

KI,ON = as defined in 4.2.2 of this appendix 
70=average indoor temperature 
45=average outdoor temperature 

4.2.4 Weighted-average steady-state efficiency. 
4.2.4.1 For manually controlled heaters 

with various input rates the weighted aver-
age steady-state efficiency (hSS

¥
WT), is deter-

mined as follows: 
(1) at 50 percent of the maximum fuel input 

rate as measured in either section 3.1.1 of 
this appendix for manually controlled gas 
vented heaters or section 3.1.2 of this appen-
dix for manually controlled oil vented heat-
ers, or 

(2) at the minimum fuel input rate as 
measured in either section 3.1.1 to this ap-
pendix for manually controlled gas vented 
heaters or section 3.1.2 to this appendix for 
manually controlled oil vented heaters if the 
design of the heater is such that the ±5 per-
cent of 50 percent of the maximum fuel input 
rate cannot be set, provided this minimum 
rate is no greater than 2⁄3 of maximum input 
rate of the heater. 

4.2.4.2 For manually controlled heater with 
one single firing rate the weighted average 
steady-state efficiency is the steady-state ef-
ficiency measured at the single firing rate. 

4.2.5 Part-load fuel utilization efficiency. Cal-
culate the part-load fuel utilization effi-
ciency (hu) expressed as a percent and defined 
as: 

hu = hSS-WT¥LI,ON 

where: 

hSS-WT = as defined in 4.2.4 of this appendix 
LI,ON = as defined in 4.2.3 of this appendix 

4.2.6 Annual Fuel Utilization Efficiency. 
4.2.6.1 For manually controlled vented 

heaters, calculate the AFUE expressed as a 
percent and defined as: 

AFUE
Q

Q Q

SS u in

SS in u P

=
+

−

−

2 950

2 950 2 083 4 600

,

, . ( , )

max

max

η η

η η

where: 

2,950=average number of heating degree days 

hSS = as defined as hSS
¥

WT in 4.2.4 of this ap-
pendix 
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hu = as defined in 4.2.5 of this appendix 
Qin

¥
max = as defined as Qin at the maximum 
fuel input rate, as defined in 3.1 of this 
appendix 

4,600=average number of non-heating season 
hours per year 

QP = as defined in 3.5 of this appendix 
2.083=(65–15)/24=50/24 
65=degree day base temperature, °F 
15=national average outdoor design tempera-

ture for vented heaters as defined in sec-
tion 4.1.10 of this appendix 

24=number of hours in a day 

4.2.6.2 For manually controlled vented 
heaters where the pilot light can be turned 
off by the user when the heater is not in use 
as described in section 3.5.2, calculate the 
AFUE expressed as a percent and defined as: 

AFUE=hu 

where: 

hu = as defined in section 4.2.5 of this appen-
dix 

4.3 Annual fuel utilization efficiency by the 
tracer gas method. The annual fuel utilization 
efficiency shall be determined by the fol-
lowing tracer gas method for all vented heat-
ers equipped with thermal stack dampers. 
All other types of vented heaters can elect to 
use the following tracer gas method, as an 
optional procedure. 

4.3.1 On-cycle sensible heat loss. For vented 
heaters equipped with single stage thermo-
stats, calculate the on-cycle sensible heat 
loss (LS,ON) expressed as a percent and de-
fined as: 

LS,ON = LS,SS,A 

where: 

LS,SS,A = as defined in 4.1.9 of this appendix 

For vented heaters equipped with two 
stage thermostats, calculate LS,ON defined as: 

LS,ON = X1 LS,SS,A-red+X2 LS,SS,A-max 

where: 

X1 = as defined in 4.1.14 of this appendix 
LS,SS,A-red = as defined as LS,SS,A in 4.1.9 of this 

appendix at the reduced fuel input rate 
X2 = as defined in 4.1.15 of this appendix 
LS,SS,A-max = as defined as LS,SS,A in 4.1.9 of this 

appendix at the maximum fuel input rate 

For vented heaters with step-modulating 
thermostats, calculate LS,ON defined as: 

LS,ON = X1 LS,SS,A-red+X2 LS,SS,A-avg 

where: 

X=1-as defined in 4.1.14 of this appendix 
LLS,SS,A-red = as defined in 4.3.1 of this appendix 
X2 = as defined in 4.1.15 of this appendix 
LS,SS,A-avg = average sensible heat loss for 

step-modulating vented heaters oper-
ating in the modulating mode 

L L L
T T

TC
LS,SS,A avg S,SS,A S,SS,A red

C OA
S,SS,A red− − − −= −[ ] −

−

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥ +max

*

15

where: 

LS,SS,A-avg = as defined in 4.3.1 of this appendix 
TC = as defined in 4.1.10 of this appendix 
TOA* = as defined in 4.1.10 of this appendix 
15=as defined in 4.1.10 of this appendix 

4.3.2 On-cycle infiltration heat loss. For vent-
ed heaters equipped with single stage ther-
mostats, calculate the on-cycle infiltration 
heat loss (LI,ON) expressed as a percent and 
defined as: 

LI,ON = KI,ON(70–45) 

where: 

KI,ON = as defined in 4.2.2 of this appendix 
70=as defined in 4.2.3 of this appendix 
45=as defined in 4.2.3 of this appendix 

For vented heaters equipped with two 
stage thermostats, calculate LI,ON defined as: 

LI,ON = X1KI,ON-Max(70–TOA*)+X2KI,ON,red(70–TOA) 

where: 

X1 = as defined in 4.1.14 of this appendix 
KI,ON-max = as defined as KI,ON in 4.2.2 of this 

appendix at the maximum heat input 
rate 

70=as defined in 4.2.3 of this appendix 
TOA* = as defined in 4.3.4 of this appendix 
KI,ON,red = as defined as KI,ON in 4.2.2 of this ap-

pendix at the minimum heat input rate 
TOA = as defined in 4.3.4 of this appendix 
X2 = as defined in 4.1.15 of this appendix 

For vented heaters equipped with step- 
modulating thermostats, calculate LI,ON de-
fined as: 

LI,ON = X1 KI,ON-avg(70–TOA*)+X2 KI,ON-red(70–TOA) 

where: 

X1 = as defined in 4.1.14 of this appendix 
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K
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70=as defined in 4.2.3 of this appendix 
TOA* = as defined in 4.3.4 of this appendix 
X2 = as defined in 4.1.15 of this appendix 
TOA = as defined in 4.3.4 of this appendix 

4.3.3 Off-cycle sensible heat loss. For vented 
heaters equipped with single stage thermo-
stats, calculate the off-cycle sensible heat 
loss (LS,OFF) at the maximum fuel input rate. 
For vented heaters equipped with step-modu-
lating thermostats, calculate LS,OFF defined 
as: 

LS,OFF = X1 LS,OFF,red 

where: 

X1 = as defined in 4.1.14 of this appendix 

LS,OFF,red = as defined as LS,OFF in 4.3.3 of this 
appendix at the reduced fuel input rate 

For vented heaters equipped with two 
stage thermostats, calculate LS,OFF defined 
as: 

LS,OFF = X1 LS,OFF,red+X2 LS,OFF,Max 

where: 

X1 = as defined in 4.1.14 of this appendix 
LS,OFF,red = as defined as LS,OFF in 4.3.3 of this 

appendix at the reduced fuel input rate 
X2 = as defined in 4.1.15 of this appendix 
LS,OFF,Max = as defined as LS,OFF in 4.3.3 of this 

appendix at the maximum fuel input rate 

Calculate the off-cycle sensible heat loss 
(LS,OFF) expressed as a percent and defined as: 

L
Q t

m T TS,OFF

in on

S,OFF S,OFF RA=
( )

−( )∑100 0 24.

.

where: 

100=conversion factor for percent 
0.24=specific heat of air in Btu per pound¥°F 
Qin = fuel input rate, as defined in 3.1 of this 

appendix in Btu per minute (as appro-
priate for the firing rate) 

ton = average burner on-time per cycle and is 
20 minutes 

S mS,OFF(TS,OFF¥TRA)=summation of the twen-
ty values of the quantity, 
mS,OFF(TS,OFF¥TRA), measured in accord-
ance with 3.3 of this appendix 

mS,OFF = stack gas mass flow rate pounds per 
minute 

m
P V C

C T
S,OFF

B T T

T T

=
−( )

+( )
1 325 100

460

.

TS,OFF = stack gas temperature measured in 
accordance with 3.3 of this appendix 

TRA = average room temperature measured 
in accordance with 3.3 of this appendix 

PB = barometric pressure in inches of mer-
cury 

VT = flow rate of the tracer gas through the 
stack in cubic feet per minute 

CT* = concentration by volume of the active 
tracer gas in the mixture in percent and 
is 100 when the tracer gas is a single 
component gas 

CT = concentration by volume of the active 
tracer gas in the diluted stack gas in per-
cent 

TT = temperature of the tracer gas entering 
the flow meter in degrees Fahrenheit 

(TT+460)=absolute temperature of the tracer 
gas entering the flow meter in degrees 
Rankine 

4.3.4 Average outdoor temperature. For vent-
ed heaters equipped with single stage ther-
mostats, the average outdoor temperature 
(TOA) is 45 °F. For vented heaters equipped 
with either two stage thermostats or step- 
modulating thermostats, TOA during the re-
duced operating mode is obtained from Table 
3 or Figure 1 of this appendix. For vented 
heaters equipped with two stage thermo-
stats, TOA* during the maximum operating 
mode is obtained from Table 3 or Figure 1 of 
this appendix. 
4.3.5 Off-cycle infiltration heat loss. For vented 

heaters equipped with single stage ther-
mostats, calculate the off-cycle infiltra-
tion heat loss (LI,OFF) at the maximum 
fuel input rate. For vented heaters 
equipped with step-modulating thermo-
stats, calculate LI,OFF defined as: 

LI,OFF = X1 LI,OFF,red 

where: 
X1 = as defined in 4.1.14 of this appendix 
LI,OFF,red = as defined in LI,OFF in 4.3.3 of this 

appendix at the reduced fuel input rate 
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For vented heaters equipped with two 
stage thermostats, calculate LI,OFF defined 
as: 

LI,OFF = X1 LI,OFF,red+ X2 LI,OFF,max 

where: 

X1 = as defined in 4.1.14 of this appendix 

LI,OFF,red = as defined as LI,OFF in 4.3.3 of this 
appendix at the reduced fuel input rate 

X2 = as defined in 4.1.15 of this appendix 
LI,OFF,Max = as defined as LI,OFF in 4.3.3 of this 

appendix at the maximum fuel input rate 

Calculate the off-cycle infiltration heat 
loss (LI,OFF) expressed as a percent and de-
fined as: 

L
T

Q t
mI OFF

OA

in on

S,OFF,

. . .
=

( )( )( ) −( ) ∑
100 0 24 1 3 0 7 70

where: 

100=conversion factor for percent 
0.24=specific heat of air in Btu per pound¥°F 
1.3=dimensionless factor for converting lab-

oratory measured stack flow to typical 
field conditions 

0.7=infiltration parameter 
70=assumed average indoor air temperature, 

°F 
TOA = average outdoor temperature as de-

fined in 4.3.4 of this appendix 

Qin = fuel input rate, as defined in 3.1 of this 
appendix in Btu per minute (as appro-
priate for the firing rate) 

ton = average burner on-time per cycle and is 
20 minutes 

S mS,OFF = summation of the twenty values of 
the quantity, mS,OFF, measured in accord-
ance with 3.3 of this appendix 

mS,OFF = as defined in 4.3.3 of this appendix 

4.3.6 Part-load fuel utilization efficiency. Cal-
culate the part-load fuel utilization effi-
ciency (hu) expressed as a percent and defined 
as: 

ηu L A j j
on

on F off
s on s OFF I on s OFFL C L

t

t P t
L L L L= − −

+
⎡

⎣
⎢

⎤

⎦
⎥ + + + +[ ]100 , , , , ,

where: 
Cj = 2.8, adjustment factor 
Lj = jacket loss as defined in 4.1.5 
LL,A = as defined in 4.1.6 of this appendix 
ton = as defined in 4.3.3 of this appendix 
LS,ON = as defined in 4.3.1 of this appendix 
LS,OFF = as defined in 4.3.3 of this appendix 
LI,ON = as defined in 4.3.2 of this appendix 

LI,OFF = as defined in 4.1.4 of this appendix 
PF = as defined in 4.1.4 of this appendix 
tOFF = average burner off-time per cycle and 

is 20 minutes 

4.3.7 Annual Fuel Utilization Efficiency. 
Calculate the AFUE expressed as a percent 

and defined as: 

AFUE
Q

Q Q

SS WT u in

SS WT in u P

=
+

− −

− −

2 950

2 950 2 083 4 600

,

, . ( , )

max

max

η η

η η

where: 

2,950=average number of heating degree days 
hSS-WT = as defined in 4.1.16 of this appendix 
hu = as defined in 4.3.6 of this appendix 
Qin

¥
max = as defined in 4.2.6 of this appendix 

4,600=as specified in 4.2.6 of this appendix 
QP = as defined in 3.5 of this appendix 
2.083=as specified in 4.2.6 of this appendix 

4.4 Stack damper effectiveness for vented 
heaters equipped with electro-mechanical stack 
dampers. Determine the stack damper effec-
tiveness for vented heaters equipped with 
electro-mechanical stack dampers (Do), de-
fined as: 

Do = 1.62 [1—AD cos W/AS] 

where: 
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AD = as defined in 3.4 of this appendix 
W=as defined in 3.4 of this appendix 
AS = as defined in 3.4 of this appendix 

4.5 Addition requirements for vented home 
heating equipment using indoor air for combus-
tion and draft control. For vented home heat-
ing equipment using indoor air for combus-
tion and draft control, DF, as described in 
section 4.1.2 of this appendix, and DS, as de-
scribed in section 4.1.3 of this appendix, shall 
be determined from Table 1 of this appendix. 

4.5.1 Optional procedure for determining DP 
for vented home heating equipment. Calculate 
the ratio (DP) of the rate of flue gas mass 
through the vented heater during the off-pe-
riod, MF,OFF(TF,SS), to the rate of flue gas mass 
flow during the on-period, MF,SS(TF,SS), and 
defined as: 

DP = MF,OFF(TF,SS)/MF,SS(TF,SS) 

For vented heaters in which no draft is 
maintained during the steady-state or cool 
down tests, MF,OFF(TF,SS) is defined as: 

M T M T
T T

T T

T

TF OFF F SS F OFF F OFF
F SS RA

F OFF RA

F OFF

F SS
, , , ,

,

,

.
,

,

.

*
*

*( ) = ( ) −
−

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

+
+

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

0 56 119
460

460

For oil fueled vented heaters in which an 
imposed draft is maintained, as described in 
section 3.6 of this appendix, MF,OFF(TF,SS) is 
defined as: 

MF,OFF(TF,SS)=MF,OFF(T*F,SS) 

where: 

TF,SS = as defined in 3.1.1 of this appendix 
T*F,OFF = flue gas temperature during the off- 

period measured in accordance with 3.6 of 
this appendix in degrees Fahrenheit 

TRA = as defined in 2.9 of this appendix 

M T
P V C

C T
F OFF F OFF

B T T

T T

, ,

.( ) =
−( )

+( )
1 325 100

460
pB = barometric pressure measured in ac-

cordance with 3.6 of this appendix in 
inches of mercury 

VT = flow rate of tracer gas through the 
vented heater measured in accordance 
with 3.6 of this appendix in cubic feet per 
minute 

CT = concentration by volume of tracer gas 
present in the flue gas sample measured 
in accordance with 3.6 of this appendix in 
percent 

CT*=concentration by volume of the active 
tracer gas in the mixture in percent and 
is 100 when the tracer gas is a single 
component gas 

TT = the temperature of the tracer gas enter-
ing the flow meter measured in accord-
ance with 3.6 of this appendix in degrees 
Fahrenheit 

(TT+460)=absolute temperature of the tracer 
gas entering the flow meter in degrees 
Rankine 

MF,SS(TF,SS)=Qin[RT,F(A/F)+1]/[60HHVA] 
Qin = as defined in 3.1 of this appendix 
RT,F = as defined in 4.1.7 of this appendix 
A/F=as defined in 4.2.2 of this appendix 
HHVA = as defined in 4.2.2 of this appendix 

4.5.2 Optional procedure for determining off- 
cycle draft factor for flue gas flow for vented 
heaters. For systems numbered 1 thru 10, cal-
culate the off-cycle draft factor for flue gas 
flow (DF) defined as: 

DF = DP 

For systems numbered 11 or 12: DF = DP DO 

where: 
Dp = as defined in 4.5.1. of this appendix 
DO = as defined in 4.4 of this appendix 

4.5.3 Optional procedure for determining off- 
cycle draft factor for stack gas flow for vented 
heaters. Calculate the off-cycle draft factor 
for stack gas flow (DS) defined as: 

For systems numbered 1 or 2: DS = 1.0 
For systems numbered 3 or 4: DS = (DP+0.79)/ 

1.4 
For systems numbered 5 or 6: DS = DO 
For systems numbered 7 or 8 and if DO(S/ 

F)<1:DS = DO DP 
For systems numbered 7 or 8 and if DO(S/ 

F)>1: 

DS = DO DP+[0.85¥DO DP] [DO(S/F)¥1]/[S/F¥1] 

where: 
DP = as defined in 4.5.1 of this appendix 
DO = as defined in 4.4 of this appendix 

4.6 Annual energy consumption. 
4.6.1 National average number of burner oper-

ating hours. For vented heaters equipped 
with single stage controls or manual con-
trols, the national average number of burner 
operating hours (BOH) is defined as: 

BOHSS = 1,416AFA DHR¥1,416 B 

where: 
1,416=national average heating load hours for 

vented heaters based on 2,950 degree days 
and 15 °F outdoor design temperature 

AF = 0.7067, adjustment factor to adjust the 
calculated design heating requirement 
and heating load hours to the actual 
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heating load experienced by the heating 
system 

DHR=typical design heating requirements 
based on QOUT, from Table 4 of this ap-
pendix. 

QOUT = [(hSS/100)¥Cj (Lj/100)] Qin 
Lj = jacket loss as defined in 4.1.5 of this ap-

pendix 
Cj = 2.8, adjustment factor as defined in 4.3.6 

of this appendix 
hSS = steady-state efficiency as defined in 

4.1.10 of this appendix, percent 
Qin = as defined in 3.1 of this appendix at the 

maximum fuel input rate 
A=100,000/[341,300PE+(Qin¥QP)hu] 
B=2.938(QP) hu A/100,000 
100,000=factor that accounts for percent and 

kBtu 
PE = as defined in 3.1.3 of this appendix 
QP = as defined in 3.5 of this appendix 
hu = as defined in 4.3.6 of this appendix for 

vented heaters using the tracer gas 
method, percent 

= as defined in 4.2.5 of this appendix for 
manually controlled vented heaters, per-
cent 

= 2,950 AFUEhSS Qin/[2,950 hSS Qin— 
AFUE(2.083)(4,600)QP], for vented heaters 
equipped without manual controls and 
without thermal stack dampers and not 
using the optional tracer gas method, 
where: 

AFUE=as defined in 4.1.17 of this appendix, 
percent 

2,950=average number of heating degree days 
as defined in 4.2.6 of this appendix 

4,600=average number of non-heating season 
hours per year as defined in 4.2.6 of this 
appendix 

2.938=(4,160/1,416)=ratio of the average length 
of the heating season in hours to the av-
erage heating load hours 

2.083=as specified in 4.2.6 of this appendix 

4.6.1.1 For vented heaters equipped with 
two stage or step modulating controls the 
national average number of burner operating 
hours at the reduced operating mode is de-
fined as: 

BOHR = X1EM/Qred-in 

where: 

X1 = as defined in 4.1.14 of this appendix 
Qred-in = as defined in 4.1.11 of this appendix 
EM = average annual energy used during the 

heating season 
= (Qin¥QP)BOHSS+(8,760¥4,600)QP 

Qin = as defined in 3.1 of this appendix at the 
maximum fuel input rate 

QP = as defined in 3.5 of this appendix 
BOHSS = as defined in 4.6.1 of this appendix, 

in which the term PE in the factor A is 
increased by the factor R, which is de-
fined in 3.1.3 of this appendix as: 

R=1.3 for two stage controls 

= 1.4 for step modulating controls when the 
ratio of minimum-to-maximum fuel 
input is greater than or equal to 0.7 

= 1.7 for step modulating controls when the 
ratio of minimum-to-maximum fuel 
input is less than 0.7 and greater than or 
equal to 0.5 

= 2.2 for step modulating controls when the 
ratio of minimum-to-maximum fuel 
input is less than 0.5 

A=100,000/[341,300 PE R+(Qin¥QP)hu] 
8,760=total number of hours per year 
4,600=as specified in 4.2.6 of this appendix 

4.6.1.2 For vented heaters equipped with 
two stage or step modulating controls the 
national average number of burner operating 
hours at the maximum operating mode 
(BOHH) is defined as: 

BOHH = X2EM/Qin 

where: 
X2 = as defined in 4.1.15 of this appendix 
EM = average annual energy used during the 

heating season 
= (Qin¥QP)BOHSS+(8,760¥4,600)QP 

Qin = as defined in 3.1 of this appendix at the 
maximum fuel input rate 

4.6.2 Average annual fuel energy for gas or oil 
fueled vented heaters. For vented heaters 
equipped with single stage controls or man-
ual controls, the average annual fuel energy 
consumption (EF) is expressed in Btu per 
year and defined as: 

EF = BOHSS (Qin¥QP)+8,760 QP 

where: 
BOHSS = as defined in 4.6.1 of this appendix 
Qin = as defined in 3.1 of this appendix 
QP = as defined in 3.5 of this appendix 
8,760=as specified in 4.6.1 of this appendix 

4.6.2.1 For vented heaters equipped with ei-
ther two stage or step modulating controls 
EF is defined as: 

EF = EM+4,600QP 

where: 
EM = as defined in 4.6.1.2 of this appendix 
4,600=as specified 4.2.6 of this appendix 
QP = as defined in 3.5 of this appendix 

4.6.3 Average annual auxiliary electrical en-
ergy consumption for vented heaters. For vent-
ed heaters with single-stage controls or man-
ual controls, the average annual auxiliary 
electrical consumption (EAE) is expressed in 
kilowatt-hours and defined as: 
EAE = BOHSSPE + ESO 

Where: 
BOHSS = as defined in 4.6.1 of this appendix 
PE = as defined in 3.1.3 of this appendix 
ESO = as defined in 4.7 of this appendix 

4.6.3.1 For vented heaters with two-stage or 
modulating controls, EAE is defined as: 
EAE = (BOHR + BOHH)PE + ESO 
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Where: 
BOHR = as defined in 4.6.1 of this appendix 
BOHH = as defined in 4.6.1 of this appendix 
PE = as defined in 3.1.3 of this appendix 
ESO = as defined in 4.7 of this appendix 

4.6.4 Average annual energy consumption for 
vented heaters located in a different geographic 
region of the United States and in buildings 
with different design heating requirements. 

4.6.4.1 Average annual fuel energy consump-
tion for gas or oil fueled vented home heaters lo-
cated in a different geographic region of the 
United States and in buildings with different 
design heating requirements. For gas or oil 
fueled vented heaters the average annual 
fuel energy consumption for a specific geo-
graphic region and a specific typical design 
heating requirement (EFR) is expressed in Btu 
per year and defined as: 

EFR = (EF¥8,760 QP)(HLH/1,416)+8,760QP 

where: 
EF = as defined in 4.6.2 of this appendix 
8,760=as specified in 4.6.1 of this appendix 

QP = as defined in 3.5 of this appendix 
HLH=heating load hours for a specific geo-

graphic region determined from the heat-
ing load hour map in Figure 3 of this ap-
pendix 

1,416=as specified in 4.6.1 of this appendix 

4.6.4.2 Average annual auxiliary electrical en-
ergy consumption for gas or oil fueled vented 
home heaters located in a different geographic 
region of the United States and in buildings 
with different design heating requirements. For 
gas or oil fueled vented home heaters the av-
erage annual auxiliary electrical energy con-
sumption for a specific geographic region 
and a specific typical design heating require-
ment (EAER) is expressed in kilowatt-hours 
and defined as: 

EAER = EAE HLH/1,416 

where: 

EAE = as defined in 4.6.3 of this appendix 
HLH=as defined in 4.6.4.1 of this appendix 
1,416=as specified in 4.6.1 of this appendix 

TABLE 1—OFF-CYCLE DRAFT FACTORS FOR FLUE GAS FLOW (DF) AND FOR STACK GAS FLOW (DS) 
FOR VENTED HOME HEATING EQUIPMENT EQUIPPED WITHOUT THERMAL STACK DAMPERS 

System number (DF) (DS) Burner type Venting system type 1 

1 ...................... 1.0 1.0 Atmospheric ......... Draft hood or diverter. 
2 ...................... 0.4 1.0 Power .................. Draft hood or diverter. 
3 ...................... 1.0 1.0 Atmospheric ......... Barometric draft regulator. 
4 ...................... 0.4 0.85 Power .................. Barometric draft regulator. 
5 ...................... 1.0 Do Atmospheric ......... Draft hood or diverter with damper. 
6 ...................... 0.4 Do Power .................. Draft hood or diverter with damper. 
7 ...................... 1.0 Do Atmospheric ......... Barometric draft regulator with damper. 
8 ...................... 0.4 Do Dp Power .................. Barometric draft regulator with damper. 
9 ...................... 1.0 ............ Atmospheric ......... Direct vent. 
10 .................... 0.4 ............ Power .................. Direct vent. 
11 .................... Do ............ Atmospheric ......... Direct vent with damper. 
12 .................... 0.4 Do ............ Power .................. Direct vent with damper. 

1 Venting systems listed with dampers means electro-mechanical dampers only. 

TABLE 2—VALUES OF HIGHER HEATING VALUE (HHV(A), STOICHIOMETRIC AIR/FUEL (A/F), LATENT 
HEAT LOSS (LL,A) AND FUEL-SPECIFIED PARAMETERS (A, B, C, AND D) FOR TYPICAL FUELS 

Fuels HHVA 
(Btu/lb) A/F LL,A A B C D 

No. 1 oil ........................................................................... 19,800 14 .56 6 .55 0 .0679 14 .22 0 .0179 0 .167 
No. 2 oil ........................................................................... 19,500 14 .49 6 .50 0 .0667 14 .34 0 .0181 0 .167 
Natural gas ...................................................................... 20,120 14 .45 9 .55 0 .0919 10 .96 0 .0175 0 .171 
Manufactured gas ........................................................... 18,500 11 .81 10 .14 0 .0965 10 .10 0 .0155 0 .235 
Propane ........................................................................... 21,500 15 .58 7 .99 0 .0841 12 .60 0 .0177 0 .151 
Butane ............................................................................. 20,000 15 .36 7 .79 0 .0808 12 .93 0 .0180 0 .143 
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TABLE 3—FRACTION OF HEATING LOAD AT RE-
DUCED OPERATING MODE (X1) AND AT MAX-
IMUM OPERATING MODE (X2), AVERAGE OUT-
DOOR TEMPERATURES (TOA AND TOA*), AND 
BALANCE POINT TEMPERATURE (TC) FOR 
VENTED HEATERS EQUIPPED WITH EITHER 
TWO-STAGE THERMOSTATS OR STEP-MODU-
LATING THERMOSTATS 

Heat output ratio a X1 X2 TOA TOA* TC 

0.20 to 0.24 .................. .12 .88 57 40 53 
0.25 to 0.29 .................. .16 .84 56 39 51 
0.30 to 0.34 .................. .20 .80 54 38 49 
0.35 to 0.39 .................. .30 .70 53 36 46 
0.40 to 0.44 .................. .36 .64 52 35 44 
0.45 to 0.49 .................. .43 .57 51 34 42 
0.50 to 0.54 .................. .52 .48 50 32 39 
0.55 to 0.59 .................. .60 .40 49 30 37 
0.60 to 0.64 .................. .70 .30 48 29 34 
0.65 to 0.69 .................. .76 .24 47 27 32 
0.70 to 0.74 .................. .84 .16 46 25 29 
0.75 to 0.79 .................. .88 .12 46 22 27 
0.80 to 0.84 .................. .94 .06 45 20 23 
0.85 to 0.89 .................. .96 .04 45 18 21 
0.90 to 0.94 .................. .98 .02 44 16 19 
0.95 to 0.99 .................. .99 .01 44 13 17 

a The heat output ratio means the ratio of minimum to max-
imum heat output rates as defined in 4.1.13. 

TABLE 4—AVERAGE DESIGN HEATING REQUIRE-
MENTS FOR VENTED HEATERS WITH DIF-
FERENT OUTPUT CAPACITIES 

Vented heaters output capacity Qout—(Btu/hr) 

Average de-
sign heating 

require-
ments 

(kBtu/hr) 

5,000–7,499 ....................................................... 5.0 
7,500–10,499 ..................................................... 7.5 
10,500–13,499 ................................................... 10.0 
13,500–16,499 ................................................... 12.5 
16,500–19,499 ................................................... 15.0 
19,500–22,499 ................................................... 17.5 
22,500–26,499 ................................................... 20.5 
26,500–30,499 ................................................... 23.5 
30,500–34,499 ................................................... 26.5 
34,500–38,499 ................................................... 30.0 
38,500–42,499 ................................................... 33.5 
42,500–46,499 ................................................... 36.5 
46,500–51,499 ................................................... 40.0 
51,500–56,499 ................................................... 44.0 
56,500–61,499 ................................................... 48.0 
61,500–66,499 ................................................... 52.0 
66,500–71,499 ................................................... 56.0 
71,500–76,500 ................................................... 60.0 
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4.7 Average annual electric standby mode and 
off mode energy consumption. 

Calculate the annual electric standby 
mode and off mode energy consumption, ESO, 
defined as, in kilowatt-hours: 

ESO = ((PW,SB * (4160—BOH)) + (PW,OFF * 4600)) 
* K 

Where: 

PW,SB = vented heater standby mode power, 
in watts, as measured in section 3.7 of this 
appendix 
4160 = average heating season hours per year 
PW,OFF = vented heater off mode power, in 

watts, as measured in section 3.7 of this 
appendix 
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4600 = average non-heating season hours per 
year 

K = 0.001 kWh/Wh, conversion factor for 
watt-hours to kilowatt-hours 

BOH = burner operating hours as calculated 
in section 4.6.1 of this appendix where for 
single-stage controls or manual controls 
vented heaters BOH = BOHSS and for 
vented heaters equipped with two-stage 
or modulating controls BOH = (BOHR + 
BOHH). 

[49 FR 12169, Mar. 28, 1984, as amended at 62 
FR 26162, May 12, 1997; 77 FR 74571, Dec. 17, 
2012] 

APPENDIX P TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF POOL HEATERS 

NOTE: The procedures and calculations 
that refer to standby mode and off mode en-
ergy consumption (i.e., sections 2.2, 2.3, 3.2, 
4.2, 4.3, 5.3 equation (3), and 5.4 of this appen-
dix P) need not be performed to determine 
compliance with energy conservation stand-
ards for pool heaters at this time. However, 
on or after June 17, 2013, any representations 
related to standby mode and off mode energy 
consumption of these products must be based 
upon results generated under this test proce-
dure, consistent with the requirements of 42 
U.S.C. 6293(c)(2). For pool heaters, the stat-
ute requires that after July 1, 2010, any 
adopted energy conservation standard shall 
incorporate standby mode and off mode en-
ergy consumption, and upon the compliance 
date for such standards, compliance with the 
applicable provisions of this test procedure 
will also be required. 

1. Definitions. 
1.1 Active mode means the condition during 

the pool heating season in which the pool 
heater is connected to the power source, and 
the main burner, electric resistance element, 
or heat pump is activated to heat pool water. 

1.2 IEC 62301 (Second Edition) means the 
test standard published by the International 
Electrotechnical Commission, titled 
‘‘Household electrical appliances—Measure-
ment of standby power,’’ Publication 62301, 
Edition 2.0 2011–01. (incorporated by ref-
erence; see § 430.3) 

1.3 Off mode means the condition during 
the pool non-heating season in which the 
pool heater is connected to the power source, 
and neither the main burner, electric resist-
ance elements, nor heat pump is activated. 

1.4 Seasonal off switch means a switch 
present on the pool heater that effects a dif-
ference in off mode energy consumption as 
compared to standby mode energy consump-
tion. 

1.5 Standby mode means the condition dur-
ing the pool heating season in which the pool 
heater is connected to the power source, and 

neither the main burner, electric resistance 
elements, nor heat pump is activated. 

2. Test Method. 
2.1 Active mode. The test method for testing 

pool heaters in active mode is as specified in 
section 2.10 of ANSI Z21.56 (incorporated by 
reference; see § 430.3). 

2.2 Standby mode. The test method for test-
ing the energy consumption of pool heaters 
in standby mode is as described in sections 3 
through 5 of this appendix. 

2.3 Off mode. 
2.3.1 Pool heaters with a seasonal off switch. 
For pool heaters with a seasonal off 

switch, no off-mode test is required. 
2.3.2 Pool heaters without a seasonal off 

switch. 
For pool heaters without a seasonal off 

switch, the test method for testing the en-
ergy consumption of the pool heater is as de-
scribed in sections 3 through 5 of this appen-
dix. 

3. Test conditions. 
3.1 Active mode. Establish the test condi-

tions specified in section 2.10 of ANSI Z21.56 
(incorporated by reference; see § 430.3). 

3.2 Standby mode and off mode. Following 
the conclusion of the 30-minute active mode 
test described in section 2.10 of ANSI Z21.56 
(incorporated by reference; see § 430.3), re-
duce the thermostat setting to a low enough 
temperature to put the pool heater into 
standby mode. Operate the pool heater in 
standby mode for 60 minutes. 

4. Measurements. 
4.1 Active mode. Measure the quantities de-

lineated in section 2.10 of ANSI Z21.56 (incor-
porated by reference; see § 430.3). The meas-
urement of energy consumption for oil-fired 
pool heaters in Btu is to be carried out in ap-
propriate units (e.g., gallons). 

4.2 Standby mode. Record the average elec-
tric power consumption during the standby 
mode test, PW,SB, in W, in accordance with 
section 5 of IEC 62301 (Second Edition) (in-
corporated by reference; see § 430.3) and the 
fossil fuel energy consumption during the 
standby test, Qp, in Btu. Ambient tempera-
ture and voltage specifications of ANSI 
Z21.56 (incorporated by reference; see § 430.3) 
shall apply to this standby mode testing. 
The recorded standby power (PW,SB) shall be 
rounded to the second decimal place, and for 
loads greater than or equal to 10W, at least 
three significant figures shall be reported. 

4.3 Off mode. 
4.3.1 Pool heaters with a seasonal off switch. 

For pool heaters with a seasonal off switch, 
the average electric power consumption dur-
ing the off mode, PW,OFF = 0, and the fossil 
fuel energy consumed during the off mode, 
Qoff = 0. 

4.3.2 Pool heaters without a seasonal off 
switch. Record the average electric power 
consumption during the standby/off mode 
test, PW,OFF (= PW,SB), in W, in accordance 
with section 5 of IEC 62301 (Second Edition) 
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(incorporated by reference; see § 430.3), and 
the fossil fuel energy consumption during 
the off mode test, Qoff (= Qp), in Btu. Ambient 
temperature and voltage specifications of 
ANSI Z21.56 (incorporated by reference; see 
§ 430.3) shall apply to this off mode testing. 
The recorded off mode power (PW,OFF) shall be 
rounded to the second decimal place, and for 
loads greater than or equal to 10W, at least 
three significant figures shall be reported. 

5. Calculations. 
5.1 Thermal efficiency. Calculate the ther-

mal efficiency, Et (expressed as a percent), as 
specified in section 2.10 of ANSI Z21.56 (in-
corporated by reference; see § 430.3). The ex-
pression of fuel consumption for oil-fired 
pool heaters shall be in Btu. 

5.2 Average annual fossil fuel energy for pool 
heaters. The average annual fuel energy for 
pool heaters, EF, is defined as: 
EF = BOH QIN + (POH ¥ BOH)QPR + (8760 ¥ 

POH) Qoff,R 

Where: 
BOH = average number of burner operating 

hours = 104 h 
POH = average number of pool operating 

hours = 4464 h 
QIN = rated fuel energy input as defined ac-

cording to section 2.10.1 or section 2.10.2 
of ANSI Z21.56, as appropriate. 

QPR = average energy consumption rate of 
continuously operating pilot light, if em-
ployed, = (QP/1 h) 

QP = energy consumption of continuously op-
erating pilot light, if employed, as meas-
ured in section 4.2 of this appendix, in 
Btu 

8760 = number of hours in one year 
Qoff,R = average off mode fossil fuel energy 

consumption rate = Qoff/(1 h) 
Qoff = off mode energy consumption as de-

fined in section 4.3 of this appendix 
5.3 Average annual auxiliary electrical energy 

consumption for pool heaters. The average an-
nual auxiliary electrical energy consumption 
for pool heaters, EAE, is expressed in Btu and 
defined as: 
(1) EAE = EAE,active + EAE,standby,off 
(2) EAE,active = BOH * PE 
(3) EAE,standby,off = (POH ¥ BOH) PW,SB(Btu/h) + 

(8760 ¥ POH) PW,OFF(Btu/h) 
Where: 
EAE,active = auxiliary electrical consumption in 

the active mode 
EAE,standby,off = auxiliary electrical consump-

tion in the standby mode and off mode 
PE = 2Ec, if heater is tested according to sec-

tion 2.10.1 of ANSI Z21.56, in Btu/h = 3.412 
PErated, if heater is tested according to 
section 2.10.2 of ANSI Z21.56, in Btu/h 

Ec = electrical consumption of the heater 
(converted to equivalent unit of Btu), in-
cluding the electrical energy to the re-
circulating pump if used, during the 30- 
minute thermal efficiency test, as de-

fined in section 2.10.1 of ANSI Z21.56, in 
Btu per 30 min. 

2 = conversion factor to convert unit from 
per 30 min. to per h. 

PErated = nameplate rating of auxiliary elec-
trical equipment of heater, in Watts 

BOH = as defined in 5.2 of this appendix 
POH = as defined in 5.2 of this appendix 
PW,SB (Btu/h) = electrical energy consump-

tion rate during standby mode expressed 
in Btu/h = 3.412 PW,SB, Btu/h 

PW,SB = as defined in 4.2 of this appendix 
PW,OFF (Btu/h) = electrical energy consump-

tion rate during off mode expressed in 
Btu/h = 3.412 PW,OFF, Btu/h 

PW,OFF = as defined in 4.3 of this appendix 

5.4 Integrated thermal efficiency. 
5.4.1 Calculate the seasonal useful output 

of the pool heater as: 

EOUT = BOH[(Et/100)(QIN + PE)] 

Where: 

BOH = as defined in 5.2 of this appendix 
Et = thermal efficiency as defined in 5.1 of 

this appendix 
QIN = as defined in 5.2 of this appendix 
PE = as defined in 5.3 of this appendix 
100 = conversion factor, from percent to frac-

tion 

5.4.2 Calculate the annual input to the pool 
heater as: 

EIN = EF + EAE 

Where: 

EF = as defined in 5.2 of this appendix 
EAE = as defined in 5.3 of this appendix 

5.4.3 Calculate the pool heater integrated 
thermal efficiency (TEI) (in percent). 

TEI = 100(EOUT/EIN) 

Where: 

EOUT = as defined in 5.4.1 of this appendix 
EIN = as defined in 5.4.2 of this appendix 
100 = conversion factor, from fraction to per-

cent 

[77 FR 74572, Dec. 17, 2012] 

APPENDIX Q TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF FLUORESCENT LAMP BAL-
LASTS 

Comply with Appendix Q until November 
14, 2014. After this date, all fluorescent lamp 
ballasts shall be tested using the provisions 
of Appendix Q1. 

1. Definitions 

1.1 AC control signal means an alternating 
current (AC) signal that is supplied to the 
ballast using additional wiring for the pur-
pose of controlling the ballast and putting 
the ballast in standby mode. 
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1.2 ANSI Standard means a standard devel-
oped by a committee accredited by the 
American National Standards Institute. 

1.3 Ballast input voltage means the rated 
input voltage of a fluorescent lamp ballast. 

1.4 DC control signal means a direct current 
(DC) signal that is supplied to the ballast 
using additional wiring for the purpose of 
controlling the ballast and putting the bal-
last in standby mode. 

1.5 F40T12 lamp means a nominal 40 watt 
tubular fluorescent lamp which is 48 inches 
in length and one and a half inches in diame-
ter, and conforms to ANSI C78.81 (Data Sheet 
7881–ANSI–1010–1) (incorporated by reference; 
see § 430.3). 

1.6 F96T12 lamp means a nominal 75 watt 
tubular fluorescent lamp which is 96 inches 
in length and one and a half inches in diame-
ter, and conforms to ANSI C78.81 (Data Sheet 
7881–ANSI–3007–1) (incorporated by reference; 
see § 430.3). 

1.7 F96T12HO lamp means a nominal 110 
watt tubular fluorescent lamp that is 96 
inches in length and one and a half inches in 
diameter, and conforms to ANSI C78.81 (Data 
Sheet 7881–ANSI–1019–1) (incorporated by ref-
erence; see § 430.3). 

1.8 F34T12 lamp (also known as a ‘‘F40T12/ 
ES lamp’’) means a nominal 34 watt tubular 
fluorescent lamp that is 48 inches in length 
and one and a half inches in diameter, and 
conforms to ANSI C78.81 (Data Sheet 7881– 
ANSI–1006–1) (incorporated by reference; see 
§ 430.3). 

1.9 F96T12/ES lamp means a nominal 60 watt 
tubular fluorescent lamp that is 96 inches in 
length and one and a half inches in diameter, 
and conforms to ANSI C78.81 (Data Sheet 
7881–ANSI–3006–1) (incorporated by reference; 
see § 430.3). 

1.10 F96T12HO/ES lamp means a nominal 95 
watt tubular fluorescent lamp that is 96 
inches in length and one and a half inches in 
diameter, and conforms to ANSI C78.81 (Data 
Sheet 7881–ANSI–1017–1) (incorporated by ref-
erence; see § 430.3). 

1.11 Input current means the root-mean- 
square (RMS) current in amperes delivered 
to a fluorescent lamp ballast. 

1.12 Luminaire means a complete lighting 
unit consisting of a fluorescent lamp or 
lamps, together with parts designed to dis-
tribute the light, to position and protect 
such lamps, and to connect such lamps to 
the power supply through the ballast. 

1.13 Nominal lamp watts means the wattage 
at which a fluorescent lamp is designed to 
operate. 

1.14 PLC control signal means a power line 
carrier (PLC) signal that is supplied to the 
ballast using the input ballast wiring for the 
purpose of controlling the ballast and put-
ting the ballast in standby mode. 

1.15 Power Factor means the power input di-
vided by the product of ballast input voltage 
and input current of a fluorescent lamp bal-

last, as measured under test conditions spec-
ified in ANSI C82.2 (incorporated by ref-
erence; see § 430.3). 

1.16 Power input means the power consump-
tion in watts of a ballast a fluorescent lamp 
or lamps, as determined in accordance with 
the test procedures specified in ANSI C82.2 
(incorporated by reference; see § 430.3). 

1.17 Relative light output means the light 
output delivered through the use of a ballast 
divided by the light output of a reference 
ballast, expressed as a percent, as deter-
mined in accordance with the test proce-
dures specified in ANSI C82.2 (incorporated 
by reference; see § 430.3). 

1.18 Residential building means a structure 
or portion of a structure which provides fa-
cilities or shelter for human residency, ex-
cept that such term does not include any 
multifamily residential structure of more 
than three stores above grade. 

1.19 Standby mode means the condition in 
which an energy-using product— 

(a) Is connected to a main power source; 
and 

(b) Offers one or more of the following 
user-oriented or protective functions: 

(i) To facilitate the activation or deactiva-
tion of other functions (including active 
mode) by remote switch (including remote 
control), internal sensor, or timer. 

(ii) Continuous functions, including infor-
mation or status displays (including clocks) 
or sensor-based functions. 

1.20 Wireless control signal means a wireless 
signal that is radiated to and received by the 
ballast for the purpose of controlling the bal-
last and putting the ballast in standby mode. 

2. Test Conditions. 
2.1 Measurement of Active Mode Energy Con-

sumption, BEF. The test conditions for test-
ing fluorescent lamp ballasts shall be done in 
accordance with ANSI C82.2 (incorporated by 
reference; see § 430.3). Any subsequent 
amendment to this standard by the standard 
setting organization will not affect the DOE 
test procedures unless and until amended by 
DOE. The test conditions for measuring ac-
tive mode energy consumption are described 
in sections 4, 5, and 6 of ANSI C82.2. The test 
conditions described in this section (2.1) are 
applicable to section 3.1 of section 3, Test 
Method and Measurements. For section 2.1 
and 3, ANSI C78.81 (incorporated by ref-
erence; see § 430.3), ANSI C82.1 (incorporated 
by reference; see § 430.3), ANSI C82.11 (incor-
porated by reference; see § 430.3), and ANSI 
C82.13 (incorporated by reference; see § 430.3) 
shall be used when applying ANSI C82.2 in-
stead of the versions listed as normative ref-
erences in ANSI C82.2. 

2.2 Measurement of Standby Mode Power. 
The measurement of standby mode power 
need not be performed to determine compli-
ance with energy conservation standards for 
fluorescent lamp ballasts at this time. This 
and the previous statement will be removed 
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as part of a rulemaking to amend the energy 
conservation standards for fluorescent lamp 
ballasts to account for standby mode energy 
consumption, and the following shall apply 
on the compliance date for any such require-
ments. 

The test conditions for testing fluorescent 
lamp ballasts shall be done in accordance 
with ANSI C82.2 (incorporated by reference; 
see § 430.3). Any subsequent amendment to 
this standard by the standard setting organi-
zation will not affect the DOE test proce-
dures unless and until amended by DOE. The 
test conditions for measuring standby power 
are described in sections 5, 7, and 8 of ANSI 
C82.2. Fluorescent lamp ballasts that are ca-
pable of connections to control devices shall 
be tested with all commercially available 
compatible control devices connected in all 
possible configurations. For each configura-
tion, a separate measurement of standby 
power shall be made in accordance with sec-
tion 3.2 of the test procedure. 

3. TEST METHOD AND MEASUREMENTS 

3.1 Active Mode Energy Efficiency Meas-
urement 

3.1.1 The test method for testing the active 
mode energy efficiency of fluorescent lamp 
ballasts shall be done in accordance with 
ANSI C82.2 (incorporated by reference; see 
§ 430.3). Where ANSI C82.2 references ANSI 
C82.1–1997, the operator shall use ANSI C82.1 
(incorporated by reference; see § 430.3) for 
testing low-frequency ballasts and ANSI 
C82.11 (incorporated by reference; see § 430.3) 
for high-frequency ballasts. 

3.1.2 Instrumentation. The instrumentation 
shall be as specified by sections 5, 7, 8, and 15 
of ANSI C82.2 (incorporated by reference; see 
§ 430.3). 

3.1.3 Electric Supply. 
3.1.3.1 Input Power. Measure the input 

power (watts) to the ballast in accordance 

with ANSI C82.2 (incorporated by reference; 
see § 430.3), section 4. 

3.1.3.2 Input Voltage. Measure the input 
voltage (volts) (RMS) to the ballast in ac-
cordance with ANSI C82.2 (incorporated by 
reference; see § 430.3), section 3.2.1 and sec-
tion 4. 

3.1.3.3 Input Current. Measure the input 
current (amps) (RMS) to the ballast in ac-
cordance with ANSI C82.2 (incorporated by 
reference; see § 430.3), section 3.2.1 and sec-
tion 4. 

3.l.4 Light Output. 
3.1.4.1 Measure the light output of the ref-

erence lamp with the reference ballast in ac-
cordance with ANSI C82.2 (incorporated by 
reference; see § 430.3), section 12. 

3.1.4.2 Measure the light output of the ref-
erence lamp with the test ballast in accord-
ance with ANSI C82.2 (incorporated by ref-
erence; see § 430.3), section 12. 

3.2 Standby Mode Power Measurement 

3.2.1 The test for measuring standby mode 
energy consumption of fluorescent lamp bal-
lasts shall be done in accordance with ANSI 
C82.2 (incorporated by reference; see § 430.3). 

3.2.2. Send a signal to the ballast instruct-
ing it to have zero light output using the ap-
propriate ballast communication protocol or 
system for the ballast being tested. 

3.2.3 Input Power. Measure the input power 
(watts) to the ballast in accordance with 
ANSI C82.2–2002, section 13, (incorporated by 
reference; see § 430.3). 

3.2.4 Control Signal Power. The power from 
the control signal path will be measured 
using all applicable methods described 
below. 

3.2.4.1 AC Control Signal. Measure the AC 
control signal power (watts), using a 
wattmeter (W), connected to the ballast in 
accordance with the circuit shown in Figure 
1. 
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3.2.4.2 DC Control Signal. Measure the DC 
control signal voltage, using a voltmeter (V), 
and current, using an ammeter (A), con-
nected to the ballast in accordance with the 

circuit shown in Figure 2. The DC control 
signal power is calculated by multiplying 
the DC control signal voltage and the DC 
control signal current. 

3.2.4.3 Power Line Carrier (PLC) Control Sig-
nal. Measure the PLC control signal power 
(watts), using a wattmeter (W), connected to 
the ballast in accordance with the circuit 
shown in Figure 3. The wattmeter must have 

a frequency response that is at least 10 times 
higher than the PLC being measured in order 
to measure the PLC signal correctly. The 
wattmeter must also be high-pass filtered to 
filter out power at 60 Hertz. 

3.2.4.4 Wireless Control Signal. The power 
supplied to a ballast using a wireless signal 
is not easily measured, but is estimated to 
be well below 1.0 watt. Therefore, the wire-

less control signal power is not measured as 
part of this test procedure. 

4. Calculations. 
4.1 Calculate relative light output: 

Where: photocell output of lamp on test bal-
last is determined in accordance with sec-
tion 3.1.4.2, expressed in watts, and photocell 
output of lamp on ref. ballast is determined 

in accordance with section 3.1.4.1, expressed 
in watts. 

4.2. Determine the Ballast Efficacy Factor 
(BEF) using the following equations: 

(a) Single lamp ballast 
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(b) Multiple lamp ballast 

Where: 
Input power is determined in accordance 

with section 3.1.3.1, relative light output 
as defined in section 4.1, and average rel-
ative light output is the relative light 

output, as defined in section 4.1, for all 
lamps, divided by the total number of 
lamps. 

4.3 Determine Ballast Power Factor (PF): 

Where: 
Input power is as defined in section 3.1.3.1, 

Input voltage is determined in accord-
ance with section 3.1.3.2, expressed in 
volts, and Input current is determined in 
accordance with section 3.1.3.3, expressed 
in amps. 

[54 FR 6076, Feb. 7, 1989, as amended at 56 FR 
18682, Apr. 24, 1991; 69 FR 18803, Apr. 9, 2004; 
70 FR 60412, Oct. 18, 2005; 74 FR 54455, Oct. 22, 
2009; 76 FR 25223, May 4, 2011; 76 FR 70628, 
Nov. 14, 2011; 77 FR 4216, Jan. 27, 2012] 

APPENDIX Q1 TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF FLUORESCENT LAMP BAL-
LASTS 

Comply with Appendix Q1 beginning No-
vember 14, 2014. Prior to this date, all fluo-
rescent lamp ballasts shall be tested using 
the provisions of Appendix Q. 

1. DEFINITIONS 

1.1. AC control signal means an alternating 
current (AC) signal that is supplied to the 
ballast using additional wiring for the pur-
pose of controlling the ballast and putting 
the ballast in standby mode. 

1.2. Active Mode means the condition in 
which an energy-using product— 

(a) Is connected to a main power source; 
(b) Has been activated; and 
(c) Provides 1 or more main functions. 

1.3. Cathode heating refers to power deliv-
ered to the lamp by the ballast for the pur-
pose of raising the temperature of the lamp 
electrode or filament. 

1.4. Commercial ballast is a fluorescent lamp 
ballast that is not a residential ballast as de-
fined in section 1.13 and meets technical 
standards for non-consumer radio frequency 
lighting devices as specified in subpart C of 
47 CFR part 18. 

1.5. DC control signal means a direct cur-
rent (DC) signal that is supplied to the bal-
last using additional wiring for the purpose 
of controlling the ballast and putting the 
ballast in standby mode. 

1.6. High-frequency ballast is as defined in 
ANSI C82.13 (incorporated by reference; see 
§ 430.3). 

1.7. Instant-start is the starting method 
used instant-start systems as defined in 
ANSI C82.13 (incorporated by reference; see 
§ 430.3). 

1.8. Low-frequency ballast is a fluorescent 
lamp ballast that operates at a supply fre-
quency of 50 to 60 Hz and operates the lamp 
at the same frequency as the supply. 

1.9. PLC control signal means a power line 
carrier (PLC) signal that is supplied to the 
ballast using the input ballast wiring for the 
purpose of controlling the ballast and put-
ting the ballast in standby mode. 

1.10. Programmed-start is the starting meth-
od used in programmed-start systems as de-
fined in ANSI C82.13 (incorporated by ref-
erence; see § 430.3). 

1.11. Rapid-start is the starting method 
used in rapid-start type systems as defined 
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in ANSI C82.13 (incorporated by reference; 
see § 430.3). 

1.12. Reference lamp is a fluorescent lamp 
that meets certain operating conditions as 
defined by ANSI C82.13 (incorporated by ref-
erence; see § 430.3). 

1.13. Residential ballast is a fluorescent 
lamp ballast designed and labeled for use in 
residential applications. Residential ballasts 
must meet the technical standards for con-
sumer RF lighting devices as specified in 
subpart C of 47 CFR part 18. 

1.14. RMS is the root mean square of a 
varying quantity. 

1.15. Standby mode means the condition in 
which an energy-using product— 

(a) Is connected to a main power source; 
and 

(b) Offers one or more of the following 
user-oriented or protective functions: 

(i) To facilitate the activation or deactiva-
tion of other functions (including active 
mode) by remote switch (including remote 
control), internal sensor, or timer. 

(ii) Continuous functions, including infor-
mation or status displays (including clocks) 
or sensor-based functions. 

1.16. Wireless control signal means a wireless 
signal that is radiated to and received by the 
ballast for the purpose of controlling the bal-
last and putting the ballast in standby mode. 

2. ACTIVE MODE PROCEDURE 

2.1. Where ANSI C82.2 (incorporated by ref-
erence; see § 430.3) references ANSI C82.1–1997, 
the operator shall use ANSI C82.1 (incor-
porated by reference; see § 430.3) for testing 
low-frequency ballasts and shall use ANSI 
C82.11 (incorporated by reference; see § 430.3) 
for testing high-frequency ballasts. In addi-
tion when applying ANSI C82.2, ANSI C78.81 
(incorporated by reference; see § 430.3), ANSI 
C82.1, ANSI C82.11, and ANSI C82.13 (incor-
porated by reference; see § 430.3) shall be used 
instead of the versions listed as normative 
references in ANSI C82.2. 

2.2. Instruments 

2.2.1. All instruments shall be as specified 
by ANSI C82.2 (incorporated by reference; see 
§ 430.3). 

2.2.2. Power Analyzer. In addition to the 
specifications in ANSI C82.2 (incorporated by 
reference; see § 430.3), the power analyzer 
shall have a maximum 100 pF capacitance to 
ground and frequency response between 40 Hz 
and 1 MHz. 

2.2.3. Current Probe. In addition to the spec-
ifications in ANSI C82.2 (incorporated by ref-

erence; see § 430.3), the current probe shall be 
galvanically isolated and have frequency re-
sponse between 40 Hz and 20 MHz. 

2.3. Test Setup 

2.3.1. The ballast shall be connected to a 
main power source and to the fluorescent 
lamp load according to the manufacturer’s 
wiring instructions and ANSI C82.1 (incor-
porated by reference; see § 430.3) and ANSI 
C78.81 (incorporated by reference; see § 430.3). 

2.3.1.1.1. Wire lengths between the ballast 
and fluorescent lamp shall be the length pro-
vided by the ballast manufacturer. Wires 
shall be kept loose and not shortened or bun-
dled. 

2.3.1.1.1.1. If the wire lengths supplied with 
the ballast are of insufficient length to reach 
both ends of lamp, additional wire may be 
added. The minimal additional wire length 
necessary shall be added, and the additional 
wire shall be the same wire gauge as the wire 
supplied with the ballast. If no wiring is pro-
vided with the ballast, 18 gauge or thicker 
wire shall be used. The wires shall be sepa-
rated from each other and ground to prevent 
parasitic capacitance for all wires used in 
the apparatus, including those wires from 
the ballast to the lamps and from the lamps 
to the measuring devices. 

2.3.1.1.2. The fluorescent lamp shall meet 
the specifications of a reference lamp as de-
fined by ANSI C82.13 (incorporated by ref-
erence; see § 430.3) and be seasoned at least 12 
hours. 

2.3.1.2. The ballast shall be connected to 
the number of lamps equal to the maximum 
number of lamps the ballast is designed to 
operate. 

2.3.1.3. The ballast shall be tested with a 
reference lamp of the nominal wattage listed 
in Table A of this section. 

2.3.1.4. For ballasts that operate rapid-start 
lamps (commonly referred to as 8-foot high 
output lamps) with recessed double contact 
bases, a nominal overall length of 96 inches, 
and that operate at ambient temperatures of 
20 °F or less and are used in outdoor signs 
(sign ballasts): 

2.3.1.4.1. A T8 lamp in accordance with 
Table A of this section shall be used for sign 
ballasts that only operate T8 lamps. 

2.3.1.4.2. A T12 lamp in accordance with 
Table A of this section shall be used for sign 
ballasts that only operate T12 lamps. 

2.3.1.4.3. A T12 lamp in accordance with 
Table A of this section shall be used for sign 
ballasts that are capable of operating both 
T8 and T12 lamps. 
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TABLE A—LAMP-AND-BALLAST PAIRINGS AND FREQUENCY ADJUSTMENT FACTORS 

Ballast type 
Nominal 

lamp 
wattage 

Lamp diameter 
and base 

Frequency adjustment 
factor (b) 

Low- 
frequency 

High- 
frequency 

Ballasts that operate straight-shaped lamps (commonly referred to as 
4-foot medium bipin lamps) with medium bipin bases and a nomi-
nal overall length of 48 inches.

32 
34 

T8 MBP ...............
T12 MBP .............

0.94 
0.93 

1.0 
1.0 

Ballasts that operate U-shaped lamps (commonly referred to as 2- 
foot U-shaped lamps) with medium bipin bases and a nominal 
overall length between 22 and 25 inches.

32 
34 

T8 MBP ...............
T12 MBP .............

0.94 
0.93 

1.0 
1.0 

Ballasts that operate rapid-start lamps (commonly referred to as 8- 
foot-high output lamps) with recessed double contact bases and a 
nominal overall length of 96 inches.

86 
95 

T8 HO RDC .........
T12 HO RDC .......

0.92 
0.94 

1.0 
1.0 

Ballasts that operate instant-start lamps (commonly referred to as 8- 
foot slimline lamps) with single pin bases and a nominal overall 
length of 96 inches.

59 
60 

T8 slimline SP .....
T12 slimline SP ...

0.95 
0.94 

1.0 
1.0 

Ballasts that operate straight-shaped lamps (commonly referred to as 
4-foot miniature bipin standard output lamps) with miniature bipin 
bases and a nominal length between 45 and 48 inches.

28 T5 SO Mini-BP .... 0.95 1.0 

Ballasts that operate straight-shaped lamps (commonly referred to as 
4-foot miniature bipin high output lamps) with miniature bipin bases 
and a nominal length between 45 and 48 inches.

54 T5 HO Mini-BP .... 0.95 1.0 

Ballasts that operate rapid-start lamps (commonly referred to as 8- 
foot high output lamps) with recessed double contact bases, a 
nominal overall length of 96 inches, and that operate at ambient 
temperatures of 20 °F or less and are used in outdoor signs.

86 
110 

T8 HO RDC .........
T12 HO RDC .......

0.92 
0.94 

1.0 
1.0 

MBP, Mini-BP, RDC, and SP represent medium bipin, miniature bipin, recessed double contact, and single pin, respectively. 

2.3.2. Power Analyzer 

2.3.2.1. The power analyzer shall have n+1 
channels where n is the number of lamps a 
ballast operates. 

2.3.2.2. Lamp Arc Voltage. Leads from the 
power analyzer should attach to each fluo-
rescent lamp according to Figure 1 of this 
section for rapid- and programmed-start bal-
lasts, Figure 2 of this section for instant- 
start ballasts operating single pin (SP) 
lamps, and Figure 3 of this section for in-
stant-start ballasts operating medium bipin 
(MBP), miniature bipin (mini-BP), or re-
cessed double contact (RDC) lamps. The 
programmed- and rapid-start ballast test 

setup includes two 1000 ohm resistors placed 
in parallel with the lamp pins to create a 
midpoint from which to measure lamp arc 
voltage. 

2.3.2.3. Lamp Arc Current. A current probe 
shall be positioned on each fluorescent lamp 
according to Figure 1 for rapid- and pro-
grammed-start ballasts, Figure 2 of this sec-
tion for instant-start ballasts operating SP 
lamps, and Figure 3 of this section for in-
stant-start ballasts operating MBP, mini-BP, 
and RDC lamps. 

2.3.2.3.1. For the lamp arc current measure-
ment, the full transducer ratio shall be set in 
the power analyzer to match the current 
probe to the power analyzer. 

Where: 

Iin Current through the current transducer 

Vout Voltage out of the transducer 
Rin Power analyzer impedance 
Rs Current probe output impedance 
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2.4. Test Conditions 

2.4.1. The test conditions for testing fluo-
rescent lamp ballasts shall be done in ac-
cordance with ANSI C82.2 (incorporated by 
reference; see § 430.3). DOE further specifies 
that the following revisions of the normative 
references indicated in ANSI C82.2 should be 
used in place of the references directly speci-
fied in ANSI C82.2: ANSI C78.81 (incorporated 
by reference; see § 430.3), ANSI C82.1 (incor-
porated by reference; see § 430.3), ANSI C82.3 
(incorporated by reference; see § 430.3), ANSI 

C82.11 (incorporated by reference; see § 430.3), 
and ANSI C82.13 (incorporated by reference; 
see § 430.3). All other normative references 
shall be as specified in ANSI C82.2. 

2.4.2. Room Temperature and Air Circulation. 
The test facility shall be held at 25 ±2 °C, 
with minimal air movement as defined in 
ANSI C78.375 (incorporated by reference; see 
§ 430.3). 

2.4.3. Input Voltage. The directions in ANSI 
C82.2 (incorporated by reference; see § 430.3) 
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section 4.1 should be ignored with the fol-
lowing directions for input voltage used in-
stead. For commercial ballasts capable of op-
erating at multiple voltages, the ballast 
shall be tested 277V ±0.1%. For ballasts de-
signed and labeled for residential applica-
tions and capable of operating at multiple 
voltages, the ballast shall be tested at 120V 
±0.1%. For ballasts designed and labeled as 
cold-temperature outdoor sign ballasts and 
capable of operating at multiple voltages, 
the ballast shall be tested at 120V ±0.1%. Bal-
lasts capable of operating at only one input 
voltage shall be tested at that specified volt-
age. 

2.5. Test Method 

2.5.1. Ballast Luminous Efficiency. 
2.5.1.1. The ballast shall be connected to 

the appropriate fluorescent lamps and to 
measurement instrumentation as indicated 
by the Test Setup in section 2.3. 

2.5.1.2. The ballast shall be operated at full 
output for at least 15 minutes but no longer 
than 1 hour until stable operating conditions 
are reached. After this condition is reached, 
concurrently measure the parameters de-
scribed in sections 2.5.1.3 through 2.5.1.9. 

2.5.1.2.1. Stable operating conditions are 
determined by measuring lamp arc voltage, 
current, and power once per second in ac-
cordance with the setup described in section 
2.3. Once the difference between the max-
imum and minimum values for lamp arc 
voltage, current, and power do not exceed 

one percent over a four minute moving win-
dow, the system shall be considered stable. 

2.5.1.3. Lamp Arc Voltage. Measure lamp arc 
voltage (volts) using the setup described in 
section 2.3.2.2. 

2.5.1.4. Lamp Arc Current. Measure lamp arc 
current (amps) using the setup described in 
section 2.3.2.3. 

2.5.1.5. Lamp Arc Power. The power analyzer 
shall calculate output power by using the 
measurements described in sections 2.5.1.3 
and 2.5.1.4. 

2.5.1.6. Input Power. Measure the input 
power (watts) to the ballast in accordance 
with ANSI C82.2 (incorporated by reference; 
see § 430.3), section 7. 

2.5.1.7. Input Voltage. Measure the input 
voltage (volts) (RMS) to the ballast in ac-
cordance with ANSI C82.2 (incorporated by 
reference; see § 430.3), section 3.2.1 and sec-
tion 4. 

2.5.1.8. Input Current. Measure the input 
current (amps) (RMS) to the ballast in ac-
cordance with ANSI C82.2 (incorporated by 
reference; see § 430.3), section 3.2.1 and sec-
tion 4. 

2.5.1.9. Lamp Operating Frequency. Measure 
the frequency of the waveform delivered 
from the ballast to any lamp in accordance 
with the setup in section 2.3. 

2.6. Calculations 

2.6.1. Calculate ballast luminous efficiency 
(BLE). 

Where: Total Lamp Arc Power is the sum of 
the lamp arc powers for all lamps operated 
by the ballast as determined by section 
2.5.1.5, ballast input power is as determined 

by section 2.5.1.6, and b is equal to the fre-
quency adjustment factor in Table A. 
2.6.2. Calculate Power Factor (PF). 

Where: Ballast input power is determined in 
accordance with section 2.5.1.6, input volt-
age is determined in accordance with sec-
tion 2.5.1.7, and input current in deter-
mined in accordance with section 2.5.1.8. 

3. STANDBY MODE PROCEDURE 

3.1. The measurement of standby mode 
power need not be performed to determine 
compliance with energy conservation stand-

ards for fluorescent lamp ballasts at this 
time. The above statement will be removed 
as part of a rulemaking to amend the energy 
conservation standards for fluorescent lamp 
ballasts to account for standby mode energy 
consumption, and the following shall apply 
on the compliance date for such require-
ments. 
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3.2. Test Conditions 

3.2.1. The test conditions for testing fluo-
rescent lamp ballasts shall be done in ac-
cordance with the American National Stand-
ard Institute ANSI C82.2 (incorporated by 
reference; see § 430.3). Any subsequent 
amendment to this standard by the stand-
ard-setting organization will not affect the 
DOE test procedures unless and until amend-
ed by DOE. The test conditions for meas-
uring standby power are described in sec-
tions 5, 7, and 8 of ANSI C82.2. Fluorescent 
lamp ballasts that are capable of connections 
to control devices shall be tested with all 
commercially available compatible control 
devices connected in all possible configura-
tions. For each configuration, a separate 
measurement of standby power shall be made 
in accordance with section 3.3 of the test 
procedure. 

3.3. Test Method and Measurements 

3.3.1. The test for measuring standby mode 
energy consumption of fluorescent lamp bal-
lasts shall be done in accordance with ANSI 
C82.2 (incorporated by reference; see § 430.3). 

3.3.2. Send a signal to the ballast instruct-
ing it to have zero light output using the ap-
propriate ballast communication protocol or 
system for the ballast being tested. 

3.3.3. Input Power. Measure the input power 
(watts) to the ballast in accordance with 
ANSI C82.2, section 13, (incorporated by ref-
erence; see § 430.3). 

3.3.4. Control Signal Power. The power from 
the control signal path will be measured 
using all applicable methods described 
below. 

3.3.4.1. AC Control Signal. Measure the AC 
control signal power (watts), using a 
wattmeter (W), connected to the ballast in 
accordance with the circuit shown in Figure 
4 of this section. 

3.3.4.2. DC Control Signal. Measure the DC 
control signal voltage, using a voltmeter (V), 
and current, using an ammeter (A), con-
nected to the ballast in accordance with the 

circuit shown in Figure 5 of this section. The 
DC control signal power is calculated by 
multiplying the DC control signal voltage 
and the DC control signal current. 
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3.3.4.3. Power Line Carrier (PLC) Control Sig-
nal. Measure the PLC control signal power 
(watts), using a wattmeter (W), connected to 
the ballast in accordance with the circuit 
shown in Figure 6 of this section. The 
wattmeter must have a frequency response 

that is at least 10 times higher than the PLC 
being measured in order to measure the PLC 
signal correctly. The wattmeter must also be 
high-pass filtered to filter out power at 60 
Hertz. 

3.3.4.4. Wireless Control Signal. The power 
supplied to a ballast using a wireless signal 
is not easily measured, but is estimated to 
be well below 1.0 watt. Therefore, the wire-
less control signal power is not measured as 
part of this test procedure. 

[76 FR 25224, May 4, 2011, as amended at 76 
FR 70628, Nov. 14, 2011; 77 FR 4217, Jan. 27, 
2012] 

APPENDIX R TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING AVERAGE LAMP EFFI-
CACY (LE), COLOR RENDERING INDEX 
(CRI), AND CORRELATED COLOR TEM-
PERATURE (CCT) OF ELECTRIC 
LAMPS 

1. Scope: This appendix applies to the meas-
urement of lamp lumens, electrical charac-
teristics, CRI, and CCT for general service 
fluorescent lamps, and to the measurement 
of lamp lumens, electrical characteristics for 
general service incandescent lamps and in-
candescent reflector lamps. 

2. Definitions 
2.1 To the extent that definitions in the 

referenced IESNA and CIE standards do not 
conflict with the DOE definitions, the defini-
tions specified in section 3.0 of IES LM–9 (in-
corporated by reference; see § 430.3), section 
3.0 of IESNA LM–20 (incorporated by ref-
erence; see § 430.3), section 3.0 and the Glos-
sary of IES LM–45 (incorporated by ref-
erence; see § 430.3), section 2 of IESNA LM–58 
(incorporated by reference; see § 430.3), and 
Appendix 1 of CIE 13.3 (incorporated by ref-
erence; see § 430.3) shall be included. 
2.2 ANSI Standard means a standard devel-

oped by a committee accredited by the 

American National Standards Institute 
(ANSI). 
2.3 CIE means the International Commis-

sion on Illumination. 
2.4 CRI means Color Rendering Index as de-

fined in § 430.2. 
2.5 IESNA means the Illuminating Engi-

neering Society of North America. 
2.6 Lamp efficacy means the ratio of meas-

ured lamp lumen output in lumens to the 
measured lamp electrical power input in 
watts, rounded to the nearest tenth, in units 
of lumens per watt. 

2.7 Lamp lumen output means the total lu-
minous flux produced by the lamp, at the ref-
erence condition, in units of lumens. 

2.8 Lamp electrical power input means the 
total electrical power input to the lamp, in-
cluding both arc and cathode power where 
appropriate, at the reference condition, in 
units of watts. 

2.9 Reference condition means the test con-
dition specified in IES LM–9 for general serv-
ice fluorescent lamps, in IESNA LM–20 for 
incandescent reflector lamps, and in IES 
LM–45 for general service incandescent 
lamps. 

3. Test Conditions 

3.1 General Service Fluorescent Lamps: For 
general service fluorescent lamps, the ambi-
ent conditions of the test and the electrical 
circuits, reference ballasts, stabilization re-
quirements, instruments, detectors, and pho-
tometric test procedure and test report shall 
be as described in the relevant sections of 
IES LM–9 (incorporated by reference; see 
§ 430.3). 

3.2 General Service Incandescent Lamps: For 
general service incandescent lamps, the se-
lection and seasoning (initial burn-in) of the 
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test lamps, the equipment and instrumenta-
tion, and the test conditions shall be as de-
scribed in IES LM–45 (incorporated by ref-
erence; see § 430.3). 

3.3 Incandescent Reflector Lamps: For incan-
descent reflector lamps, the selection and 
seasoning (initial burn-in) of the test lamps, 
the equipment and instrumentation, and the 
test conditions shall conform to sections 4.2 
and 5.0 of IESNA LM–20 (incorporated by ref-
erence; see § 430.3). 

4. Test Methods and Measurements 

All lumen measurements made with in-
struments calibrated to the devalued NIST 
lumen after January 1, 1996, shall be multi-
plied by 1.011. 

4.1 General Service Fluorescent Lamps 
4.1.1 The measurement procedure shall be 

as described in IES LM–9 (incorporated by 
reference; see § 430.3), except that lamps shall 
be operated at the appropriate voltage and 
current conditions as described in ANSI 
C78.375 (incorporated by reference; see § 430.3) 
and in ANSI C78.81 (incorporated by ref-
erence; see § 430.3) or ANSI C78.901 (incor-
porated by reference; see § 430.3), and lamps 
shall be operated using the appropriate ref-
erence ballast at input voltage specified by 
the reference circuit as described in ANSI 
C82.3 (incorporated by reference; see § 430.3). 
If, for a lamp, both low-frequency and high- 
frequency reference ballast settings are in-
cluded in ANSI C78.81 or ANSI C78.901, the 
lamp shall be operated using the low-fre-
quency reference ballast. 

4.1.2 For lamps not listed in ANSI C78.81 
(incorporated by reference; see § 430.3) nor in 
ANSI C78.901 (incorporated by reference; see 
§ 430.3), the lamp shall be operated using the 
following reference ballast settings: 

4.1.2.1 4-Foot medium bi-pin lamps shall be 
operated using the following reference bal-
last settings: T10 or T12 lamps are to use 236 
volts, 0.43 amps, and 439 ohms; T8 lamps are 
to use 300 volts, 0.265 amps, and 910 ohms. 

4.1.2.2 2-Foot U-shaped lamps shall be oper-
ated using the following reference ballast 
settings: T12 lamps are to use 236 volts, 0.430 
amps, and 439 ohms; T8 lamps are to use 300 
volts, 0.265 amps, and 910 ohms. 

4.1.2.3 8-foot slimline lamps shall be oper-
ated using the following reference ballast 
settings: 

(a) T12 lamps: 625 volts, 0.425 amps, and 1280 
ohms. 

(b) T8 lamps: 625 volts, 0.260 amps, and 1960 
ohms. 

4.1.2.4 8-foot high output lamps shall be op-
erated using the following reference ballast 
settings: 

(a) T12 lamps: 400 volts, 0.800 amps, and 415 
ohms. 

(b) T8 lamps: 450 volts, 0.395 amps, and 595 
ohms. 

4.1.2.5 4-foot miniature bipin standard out-
put or high output lamps shall be operated 

using the following reference ballast set-
tings: 

(a) Standard Output: 329 volts, 0.170 amps, 
and 950 ohms. 

(b) High Output: 235 volts, 0.460 amps, and 
255 ohms. 

4.1.3 Lamp lumen output (lumens) and 
lamp electrical power input (watts), at the 
reference condition, shall be measured and 
recorded. Lamp efficacy shall be determined 
by computing the ratio of the measured lamp 
lumen output and lamp electrical power 
input at equilibrium for the reference condi-
tion. 

4.2 General Service Incandescent Lamps 
4.2.1 The measurement procedure shall be 

as described in IES LM–45 (incorporated by 
reference; see § 430.3). Lamps shall be oper-
ated at the rated voltage as defined in § 430.2. 

4.2.2 The test procedure shall conform to 
sections 6 and 7 of IES LM–45, and the lumen 
output of the lamp shall be determined in ac-
cordance with section 7 of IES LM–45. Lamp 
electrical power input in watts shall be 
measured and recorded. Lamp efficacy shall 
be determined by computing the ratio of the 
measured lamp lumen output and lamp elec-
trical power input at equilibrium for the ref-
erence condition. The test report shall con-
form to section 8 of IES LM–45. 

4.2.3 The measurement procedure for test-
ing the lifetime of general service incandes-
cent lamps shall be as described in IESNA 
LM–49 (incorporated by reference; see § 430.3). 
The lifetime measurement shall be taken by 
measuring the operating time of a lamp, ex-
pressed in hours, not including any off time. 
The percentage of the sample size that meets 
the minimum rated lifetime shall be re-
corded. The lamp shall be deemed to meet 
minimum rated lifetime standards if greater 
than 50 percent of the sample size specified 
in § 429.27 meets the minimum rated lifetime. 

4.2.3.1 Accelerated lifetime testing is not 
allowed. The second paragraph of section 6.1 
of IESNA LM–49 is to be disregarded. 

4.3 Incandescent Reflector Lamps 
4.3.1 The measurement procedure shall be 

as described in IESNA LM–20 (see 10 CFR 
430.22). Lamps shall be operated at the rated 
voltage as defined in § 430.2. 

4.3.2. Lamp lumen output shall be deter-
mined as total forward lumens, and may be 
measured in an integrating sphere at the ref-
erence condition in accordance with § 7.2 of 
IESNA LM–20 (incorporated by reference; see 
§ 430.3) or from an average intensity distribu-
tion curve measured at the reference condi-
tion specified in § 6.0 of IESNA LM–20. Lamp 
electrical power input in watts shall be 
measured and recorded. 

4.3.3 Lamp efficacy shall be determined by 
computing the ratio of the measured lamp 
lumen output and lamp electrical power 
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input at equilibrium for the reference condi-
tion. The test report shall conform to sec-
tion 10.0 of IES LM–20 (incorporated by ref-
erence; see § 430.3). 

4.4 Determination of Color Rendering Index 
and Correlated Color Temperature 

4.4.1 The CRI shall be determined in ac-
cordance with the method specified in CIE 
13.3 (incorporated by reference; see § 430.3) for 
general service fluorescent lamps. The CCT 
shall be determined in accordance with the 
method specified in IES LM–9 (incorporated 
by reference; see § 430.3) and rounded to the 
nearest 10 kelvin for general service fluores-
cent lamps. The CCT shall be determined in 
accordance with the CIE 15 (incorporated by 
reference; see § 430.3) for incandescent lamps. 
The required spectroradiometric measure-
ment and characterization shall be con-
ducted in accordance with the methods set 
forth in IESNA LM–58 (incorporated by ref-
erence; see § 430.3). 

4.4.2 The test report shall include a de-
scription of the test conditions, equipment, 
measured lamps, spectroradiometric meas-
urement results, and CRI and CCT deter-
minations. 

[62 FR 29240, May 29, 1997, as amended at 74 
FR 34177, July 14, 2009; 77 FR 4217, Jan. 27, 
2012] 

APPENDIX S TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE WATER CONSUMP-
TION OF FAUCETS AND 
SHOWERHEADS 

NOTE: After April 21, 2014, any representa-
tions made with respect to the water con-
sumption of showerheads or faucets must be 
made in accordance with the results of test-
ing pursuant to this appendix. 

Manufacturers conducting tests of 
showerheads or faucets November 22, 2013 
and prior to April 21, 2014, must conduct such 
test in accordance with either this appendix 
or appendix S as it appeared at 10 CFR part 
430, subpart B, appendix S, in the 10 CFR 
parts 200 to 499 edition revised as of January 
1, 2013. Any representations made with re-
spect to the water consumption of such 
showerheads or faucets must be in accord-
ance with whichever version is selected. 
Given that after April 21, 2014 representa-
tions with respect to the water consumption 
of showerheads and faucets must be made in 
accordance with tests conducted pursuant to 
this appendix, manufacturers may wish to 
begin using this test procedure as soon as 
possible. 

1. Scope: This appendix covers the test re-
quirements used to measure the hydraulic 
performance of faucets and showerheads. 

2. Flow Capacity Requirements 

a. Faucets—The test procedures to meas-
ure the water flow rate for faucets, expressed 
in gallons per minute (gpm) and liters per 
minute (L/min), or gallons per cycle (gal/ 
cycle) and liters per cycle (L/cycle), shall be 
conducted in accordance with the test re-
quirements specified in section 5.4, Flow 
Rate, of ASME A112.18.1–2012 (incorporated 
by reference, see § 430.3). Measurements shall 
be recorded at the resolution of the test in-
strumentation. Calculations shall be rounded 
off to the same number of significant digits 
as the previous step. The final water con-
sumption value shall be rounded to one dec-
imal place for non-metered faucets, or two 
decimal places for metered faucets. 

b. Showerheads—The test procedures to 
measure the water flow rate for 
showerheads, expressed in gallons per minute 
(gpm) and liters per minute (L/min), shall be 
conducted in accordance with the test re-
quirements specified in section 5.4, Flow 
Rate, of the ASME A112.18.1–2012 (incor-
porated by reference, see § 430.3). Measure-
ments shall be recorded at the resolution of 
the test instrumentation. Calculations shall 
be rounded off to the same number of signifi-
cant digits as the previous step. The final 
water consumption value shall be rounded to 
one decimal place. If the time/volume meth-
od of section 5.4.2.2(d) is used, the container 
must be positioned as to collect all water 
flowing from the showerhead, including any 
leakage from the ball joint. 

[63 FR 13316, Mar. 18, 1998, as amended at 78 
FR 62986, Oct. 23, 2013] 

APPENDIX T TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE WATER CONSUMP-
TION OF WATER CLOSETS AND URI-
NALS 

NOTE: After April 21, 2014, any representa-
tions made with respect to the water con-
sumption of water closets or urinals must be 
made in accordance with the results of test-
ing pursuant to this appendix. 

Manufacturers conducting tests of water 
closets or urinals after November 22, 2013 and 
prior to April 21, 2014, must conduct such 
test in accordance with either this appendix 
or appendix T as it appeared at 10 CFR part 
430, subpart B, appendix S, in the 10 CFR 
parts 200 to 499 edition revised as of January 
1, 2013. Any representations made with re-
spect to the water consumption of such 
water closets or urinals must be in accord-
ance with whichever version is selected. 
Given that after April 21, 2014 representa-
tions with respect to the water consumption 
of water closets and urinals must be made in 
accordance with tests conducted pursuant to 
this appendix, manufacturers may wish to 
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begin using this test procedure as soon as 
possible. 

1. Scope: This appendix covers the test re-
quirements used to measure the hydraulic 
performances of water closets and urinals. 

2. Test Apparatus and General Instructions 

a. The test apparatus and instructions for 
testing water closets shall conform to the re-
quirements specified in section 7.1, General, 
subsections 7.1.1, 7.1.2, 7.1.3, 7.1.4, and 7.1.5 of 
ASME A112.19.2–2008 (incorporated by ref-
erence, see § 430.3). The flushometer valve 
used in the water consumption test shall rep-
resent the maximum design flush volume of 
the water closet. Measurements shall be re-
corded at the resolution of the test instru-
mentation. Calculations of water consump-
tion for each tested unit shall be rounded off 
to the same number of significant digits as 
the previous step. 

b. The test apparatus and instructions for 
testing urinals shall conform to the require-
ments specified in section 8.2, Test Appa-
ratus and General Instructions, subsections 
8.2.1, 8.2.2, and 8.2.3 of ASME A112.19.2–2008 
(incorporated by reference, see § 430.3). The 
flushometer valve used in the water con-
sumption test shall represent the maximum 
design flush volume of the urinal. Measure-
ments shall be recorded at the resolution of 
the test instrumentation. Calculations of 
water consumption for each tested unit shall 
be rounded off to the same number of signifi-
cant digits as the previous step. 

3. Test Measurement 

a. Water closets: 
(i) The measurement of the water flush 

volume for water closets, expressed in gal-
lons per flush (gpf) and liters per flush (Lpf), 
shall be conducted in accordance with the 
test requirements specified in section 7.4, 
Water Consumption Test, of ASME A112.19.2– 
2008 (incorporated by reference, see § 430.3). 
For dual-flush water closets, the measure-
ment of the water flush volume shall be con-
ducted separately for the full-flush and re-
duced-flush modes and in accordance with 
the test requirements specified section 7.4, 
Water Consumption Test, of ASME A112.19.2– 
2008. 

(ii) Static pressure requirements: The 
water consumption tests of siphonic and 
blowout water closets shall be conducted at 
two static pressures. For flushometer valve 
water closets with a siphonic bowl, the test 
pressures shall be 80 psi and 35 psi. For 
flushometer valve water closets with a blow-
out bowl, the test pressures shall be 80 psi 
and 45 psi. The test shall be run three times 
at each pressure as specified in section 7.4.3 
‘‘Procedure,’’ of ASME A112.19.2–2008 (incor-
porated by reference, see § 430.3). The final 
measured flush volume for each tested unit 
shall be the average of the total flush vol-

umes recorded at each test pressure as speci-
fied in section 7.4.5 ‘‘Performance,’’ of ASME 
A112.19.2–2008. 

(iii) Flush volume and tank trim compo-
nent adjustments: For gravity flush tank 
water closets, trim components that can be 
adjusted to cause an increase in flush vol-
ume, including (but not limited to) the flap-
per valve, fill valve, and tank water level, 
shall be set in accordance with the printed 
installation instructions supplied by the 
manufacturer. If the installation instruc-
tions for the model to be tested do not speci-
fy trim setting adjustments, these trim com-
ponents shall be adjusted to the maximum 
water use setting so that the maximum flush 
volume is produced without causing the 
water closet to malfunction or leak. The 
water level in the tank shall be set to the 
maximum water line designated in the print-
ed installation instructions supplied by the 
manufacturer or the designated water line 
on the tank itself, whichever is higher. If the 
printed installation instructions or the 
water closet tank do not indicate a water 
level, the water level shall be adjusted to 
1±0.1 inches below the top of the overflow 
tube or 1± 0.1 inches below the top rim of the 
water-containing vessel (for gravity flush 
tank water closets that do not contain an 
overflow tube) for each designated pressure 
specified in Table 5 of ASME A112.19.2–2008 
(incorporated by reference, see § 430.3). 

b. Urinals—The measurement of water 
flush volume for urinals, expressed in gallons 
per flush (gpf) and liters per flush (Lpf), shall 
be conducted in accordance with the test re-
quirements specified in section 8.6, Water 
Consumption Test, of ASME A112.19.2–2008 
(incorporated by reference, see § 430.3). The 
final measured flush volume for each tested 
unit shall be the average of the total flush 
volumes recorded at each test pressure as 
specified in section 8.6.4 ‘‘Performance,’’ of 
ASME A112.19.2–2008. 

[63 FR 13317, Mar. 18, 1998, as amended at 78 
FR 62987, Oct. 23, 2013] 

APPENDIX U TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF CEILING FANS 

1. Scope. This appendix covers the test re-
quirements used to measure the energy per-
formance of ceiling fans. 

2. Definitions: 
a. Airflow means the rate of air movement 

at a specific fan-speed setting expressed in 
cubic feet per minute (CFM). 

b. Airflow efficiency means the ratio of air-
flow divided by power at a specific ceiling 
fan-speed setting expressed in CFM per watt 
(CFM/watt). 
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3. Test Apparatus and General Instructions: 
The test apparatus and instructions for test-
ing ceiling fans shall conform to the require-
ments specified in Chapter 3, ‘‘Air-Delivery 
Room Construction and Preparation,’’ Chap-
ter 4, ‘‘Equipment Set-up and Test Proce-
dure,’’ and Chapter 6, ‘‘Definitions and Acro-
nyms,’’ of the EPA’s ‘‘ENERGY STAR Test-
ing Facility Guidance Manual: Building a 
Testing Facility and Performing the Solid 
State Test Method for ENERGY STAR 
Qualified Ceiling Fans,’’ Version 1.1, Decem-
ber 9, 2002 (Incorporated by reference, see 
§ 430.22). Record measurements at the resolu-
tion of the test instrumentation. Round off 
calculations to the same number of signifi-
cant digits as the previous step. Round the 
final energy consumption value to the near-
est whole number as follows: 

(i) A fractional number at or above the 
midpoint between the two consecutive whole 
numbers shall be rounded up to the higher of 
the two whole numbers; or 

(ii) A fractional number below the mid-
point between the two consecutive whole 
numbers shall be rounded down to the lower 
of the two whole numbers. 

4. Test Measurement: Measure the airflow 
and airflow efficiency for ceiling fans, ex-
pressed in cubic feet per minute (CFM) and 
CFM per watt (CFM/watt), in accordance 
with the test requirements specified in Chap-
ter 4, ‘‘Equipment Setup and Test Proce-
dure,’’ of the EPA’s ‘‘ENERGY STAR Test-
ing Facility Guidance Manual: Building a 
Testing Facility and Performing the Solid 
State Test Method for ENERGY STAR 
Qualified Ceiling Fans,’’ Version 1.1, Decem-
ber 9, 2002 (Incorporated by reference, see 
§ 430.22). In performing the airflow test, 
measure ceiling fan power using a RMS sen-
sor capable of measuring power with an ac-
curacy of ±1 %. Prior to using the sensor and 
sensor software it has selected, the test lab-
oratory shall verify performance of the sen-
sor and sensor software. Measure power 
input at a point that includes all power con-
suming components of the ceiling fan (but 
without any attached light kit energized). 
Measure power at the rated voltage that rep-
resents normal operation continuously over 
the time period for which the airflow test is 
conducted, and report the average value of 
the power measurement in watts (W). Use 
the average value of power input to calculate 
the airflow efficiency in CFM/W. 

[71 FR 71366, Dec. 8, 2006] 

APPENDIX V TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF CEILING FAN LIGHT KITS 

1. Scope: This appendix covers the test re-
quirements used to measure the energy per-
formance of ceiling fan light kits. 

2. Definitions: 
a. Input power means the actual total 

power used by all lamp(s) and ballast(s) of 
the light kit during operation, expressed in 
watts (W) and measured using the lamp and 
ballast packaged with the kit. 

b. Lamp ballast platform means a pairing of 
one ballast with one or more lamps that can 
operate simultaneously on that ballast. A 
unique platform is defined by the manufac-
turer and model number of the ballast and 
lamp(s) and the quantity of lamps that oper-
ate on the ballast. 

c. Lamp lumens means a measurement of 
luminous flux expressed in lumens and meas-
ured using the lamp and ballast shipped with 
the fixture. 

d. System efficacy per lamp ballast platform 
means the ratio of measured lamp lumens 
expressed in lumens and measured input 
power expressed in watts (W). 

3. Test Apparatus and General Instructions: 
(a) The test apparatus and instruction for 

testing screw base lamps packaged with ceil-
ing fan light kits that have medium screw 
base sockets shall conform to the require-
ments specified in section 2, ‘‘Definitions,’’ 
section 3, ‘‘Referenced Standards,’’ and sec-
tion 4, ‘‘CFL Requirements for Testing’’ of 
DOE’s ‘‘ENERGY STAR Program Require-
ments for [Compact Fluorescent Lamps] 
CFLs,’’ Version 3.0, (Incorporated by ref-
erence, see § 430.22). Record measurements at 
the resolution of the test instrumentation. 
Round off calculations to the same number 
of significant digits as the previous step. 
Round off the final energy consumption 
value to a whole number as follows: 

(i) A fractional number at or above the 
midpoint between the two consecutive whole 
numbers shall be rounded up to the higher of 
the two whole numbers; or 

(ii) A fractional number below the mid-
point between the two consecutive whole 
numbers shall be rounded down to the lower 
of the two whole numbers. 

(b) The test apparatus and instruction for 
testing pin-based fluorescent lamps pack-
aged with ceiling fan light kits that have 
pin-based sockets shall conform to the re-
quirements specified in section 1, ‘‘Defini-
tions,’’ and section 3, ‘‘Energy Efficiency 
Specifications for Qualifying Products’’ of 
the EPA’s ‘‘ENERGY STAR Program Re-
quirements for Residential Light Fixtures,’’ 
Version 4.0, (Incorporated by reference, see 
§ 430.22). Record measurements at the resolu-
tion of the test instrumentation. Round off 
calculations to the same number of signifi-
cant digits as the previous step. The final en-
ergy consumption value shall be rounded to 
a whole number as follows: 

(i) A fractional number at or above the 
midpoint between the two consecutive whole 
numbers shall be rounded up to the higher of 
the two whole numbers; or 
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(ii) A fractional number below the mid-
point between the two consecutive whole 
numbers shall be rounded down to the lower 
of the two whole numbers. 

4. Test Measurement: 
(a) For screw base compact fluorescent 

lamps packaged with ceiling fan light kits 
that have medium screw base sockets, meas-
ure the efficacy, expressed in lumens per 
watt, in accordance with the test require-
ments specified in section 4, ‘‘CFL Require-
ments for Testing,’’ of the ‘‘ENERGY STAR 
Program Requirements for Compact Fluores-
cent Lamps,’’ Version 3.0 (Incorporated by 
reference, see § 430.22). 

(b) For pin-based compact fluorescent 
lamps packaged with ceiling fan light kits 
that have pin-based sockets, measure the ef-
ficacy, expressed in lumens per watt, in ac-
cordance with the test requirements speci-
fied in section 3, ‘‘Energy-Efficiency Speci-
fications for Qualifying Products’’ and Table 
3 in section 4, ‘‘Qualification Process, Test-
ing Facilities, Standards, and Documenta-
tion,’’ of the ‘‘ENERGY STAR Program Re-
quirements for Residential Light Fixtures,’’ 
Version 4.0 (Incorporated by reference, see 
§ 430.22). 

[71 FR 71366, Dec. 8, 2006] 

APPENDIX W TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF MEDIUM BASE COMPACT 
FLUORESCENT LAMPS 

1. Scope: This appendix covers the test re-
quirements used to measure the initial effi-
cacy, lumen maintenance at 1,000 hours, 
lumen maintenance at 40 percent of rated 
life, rapid cycle stress, and lamp life of me-
dium base compact fluorescent lamps. 

2. Definitions: 
a. Average rated life means the length of 

time declared by the manufacturer at which 
50 percent of any large number of units of a 
lamp reaches the end of their individual 
lives. 

b. Initial performance values means the pho-
tometric and electrical characteristics of the 
lamp at the end of 100 hours of operation. 
Such values include the initial efficacy, the 
rated luminous flux and the rated lumen out-
put. 

c. Lumen maintenance means the luminous 
flux or lumen output at a given time in the 
life of the lamp and expressed as a percent-
age of the rated luminous flux or rated 
lumen output, respectively. 

d. Rated luminous flux or rated lumen output 
means the initial lumen rating (100 hour) de-
clared by the manufacturer, which consists 
of the lumen rating of a lamp at the end of 
100 hours of operation. 

e. Rated supply frequency means the fre-
quency marked on the lamp. 

f. Rated voltage means the voltage marked 
on the lamp. 

g. Rated wattage means the wattage 
marked on the lamp. 

h. Self-ballasted compact fluorescent lamp 
means a compact fluorescent lamp unit that 
incorporates, permanently enclosed, all ele-
ments that are necessary for the starting 
and stable operation of the lamp, and does 
not include any replaceable or interchange-
able parts. 

3. Test Apparatus and General Instructions: 
The test apparatus and instructions for test-
ing medium base compact fluorescent lamps 
shall conform to the requirements specified 
in section 2, ‘‘Definitions,’’ section 3, ‘‘Ref-
erenced Standards,’’ and section 4, ‘‘CFL Re-
quirements for Testing,’’ of DOE’s ‘‘ENERGY 
STAR Program Requirements for [Compact 
Fluorescent Lamps] CFLs,’’ Version dated 
August 9, 2001, (commonly referred to as 
Version 2.0), (Incorporated by reference, see 
§ 430.22). Record measurements at the resolu-
tion of the test instrumentation. Round off 
calculations to the same number of signifi-
cant digits as the previous step. Round the 
final energy consumption value, as applica-
ble, to the nearest decimal place or whole 
number as follows: 

(i) A fractional number at or above the 
midpoint between two consecutive decimal 
places or whole numbers shall be rounded up 
to the higher of the two decimal places or 
whole numbers; or 

(ii) A fractional number below the mid-
point between two consecutive decimal 
places or whole numbers shall be rounded 
down to the lower of the two decimal places 
or whole numbers. Round the final initial ef-
ficacy to one decimal place. Round the final 
lumen maintenance at 1,000 hours to a whole 
number. Round the final lumen maintenance 
at 40 percent of rated life, the final rapid 
cycle stress, and the final lamp life for me-
dium base compact fluorescent lamps to 
whole numbers. 

4. Test Measurement: Measure the initial ef-
ficacy expressed in lumens per watt; lumen 
maintenance at 1,000 hours expressed in 
lumens; lumen maintenance at 40 percent of 
rated life expressed in lumens; rapid cycle 
stress expressed in the number of lamps that 
meet or exceed the minimum number of cy-
cles; and lamp life expressed in hours in ac-
cordance with the test requirements speci-
fied in section 4, ‘‘CFL Requirements for 
Testing’’ of DOE’s ‘‘ENERGY STAR Program 
Requirements for [Compact Fluorescent 
Lamps] CFLs,’’ Version dated August 9, 2001 
(Incorporated by reference, see § 430.22). 

[71 FR 71366, Dec. 8, 2006] 
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APPENDIX X TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF DEHUMIDIFIERS 

NOTE: After August 6, 2014, any representa-
tions made with respect to the energy use or 
efficiency of dehumidifiers must be made in 
accordance with the results of testing pursu-
ant to this appendix. After this date, if a 
manufacturer elects to make representations 
with regard to standby mode and off mode 
energy consumption, then testing must also 
include the provisions of this appendix re-
lated to standby mode and off mode energy 
consumption. 

After the compliance date for any amended 
energy conservation standards that incor-
porate standby mode and off mode energy 
consumption, all dehumidifiers shall be test-
ed using the provisions of Appendix X1 to 
certify compliance with amended energy 
conservation standards and to make any rep-
resentations related to energy consumption, 
with the following exception. If the compli-
ance date is before April 29, 2013, manufac-
turers may use Appendix X for any represen-
tations until April 29, 2013 of energy con-
sumption of these products, consistent with 
the requirements of 42 U.S.C. 6293(c)(2). 

1. SCOPE 

This appendix covers the test requirements 
used to measure the energy performance of 
dehumidifiers. 

2. DEFINITIONS 

2.1 ANSI/AHAM DH–1 means the test 
standard published by the American Na-
tional Standards Institute and the Associa-
tion of Home Appliance Manufacturers, ti-
tled ‘‘Dehumidifiers,’’ ANSI/AHAM DH–1– 
2008, (incorporated by reference; see § 430.3). 

2.2 Active mode means a mode in which a 
dehumidifier is connected to a mains power 
source, has been activated, and is performing 
the main functions of removing moisture 
from air by drawing moist air over a refrig-
erated coil using a fan, or circulating air 
through activation of the fan without activa-
tion of the refrigeration system. 

2.3 Combined low-power mode means the ag-
gregate of available modes other than active 
mode. 

2.4 Energy factor for dehumidifiers means a 
measure of energy efficiency of a dehumidi-
fier calculated by dividing the water re-
moved from the air by the energy consumed, 
measured in liters per kilowatt-hour (L/ 
kWh). 

2.5 IEC 62301 means the test standard pub-
lished by the International Electrotechnical 
Commission, titled ‘‘Household electrical ap-
pliances—Measurement of standby power,’’ 
Publication 62301 (Edition 2.0 2011–01) (incor-
porated by reference; see § 430.3). 

2.6 Inactive mode means a standby mode 
that facilitates the activation of active mode 
by remote switch (including remote control), 
internal sensor, or timer, or that provides 
continuous status display. 

2.7 Off mode means a mode in which the de-
humidifier is connected to a mains power 
source and is not providing any active mode 
or standby mode function, and where the 
mode may persist for an indefinite time. An 
indicator that only shows the user that the 
dehumidifier is in the off position is included 
within the classification of an off mode. 

2.8 Off-cycle mode means a standby mode in 
which the dehumidifier: 

(1) Has cycled off its main function by hu-
midistat or humidity sensor; 

(2) Does not have its fan or blower oper-
ating; and 

(3) Will reactivate the main function ac-
cording to the humidistat or humidity sen-
sor signal. 

2.9 Product capacity for dehumidifiers means 
a measure of the ability of the dehumidifier 
to remove moisture from its surrounding at-
mosphere, measured in pints collected per 24 
hours of continuous operation. 

2.10 Standby mode means any modes where 
the dehumidifier is connected to a mains 
power source and offers one or more of the 
following user-oriented or protective func-
tions which may persist for an indefinite 
time: 

(1) To facilitate the activation of other 
modes (including activation or deactivation 
of active mode) by remote switch (including 
remote control), internal sensor, or timer; 

(2) Continuous functions, including infor-
mation or status displays (including clocks) 
or sensor-based functions. A timer is a con-
tinuous clock function (which may or may 
not be associated with a display) that pro-
vides regular scheduled tasks (e.g., switch-
ing) and that operates on a continuous basis. 

3. TEST APPARATUS AND GENERAL 
INSTRUCTIONS 

3.1 Active mode. The test apparatus and in-
structions for testing dehumidifiers shall 
conform to the requirements specified in 
Section 3, ‘‘Definitions,’’ Section 4, ‘‘Instru-
mentation,’’ and Section 5, ‘‘Test Proce-
dure,’’ of ANSI/AHAM DH–1 (incorporated by 
reference, see § 430.3). Record measurements 
at the resolution of the test instrumenta-
tion. Round off calculations to the same 
number of significant digits as the previous 
step. Round the final minimum energy factor 
value to two decimal places as follows: 

(i) A fractional number at or above the 
midpoint between two consecutive decimal 
places shall be rounded up to the higher of 
the two decimal places; or 

(ii) A fractional number below the mid-
point between two consecutive decimal 
places shall be rounded down to the lower of 
the two decimal places. 
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3.2 Standby mode and off mode. 
3.2.1 Installation requirements. For the 

standby mode and off mode testing, the de-
humidifier shall be installed in accordance 
with Section 5, Paragraph 5.2 of IEC 62301 
(incorporated by reference, see § 430.3), dis-
regarding the provisions regarding batteries 
and the determination, classification, and 
testing of relevant modes. 

3.2.2 Electrical energy supply. 
3.2.2.1 Electrical supply. For the standby 

mode and off mode testing, maintain the 
electrical supply voltage and frequency indi-
cated in Section 7.1.3, ‘‘Standard Test Volt-
age,’’ of ANSI/AHAM DH–1, (incorporated by 
reference, see § 430.3). The electrical supply 
frequency shall be maintained ±1 percent. 

3.2.2.2 Supply voltage waveform. For the 
standby mode and off mode testing, maintain 
the electrical supply voltage waveform indi-
cated in Section 4, Paragraph 4.3.2 of IEC 
62301, (incorporated by reference; see § 430.3). 

3.2.3 Standby mode and off mode watt meter. 
The watt meter used to measure standby 
mode and off mode power consumption shall 
meet the requirements specified in Section 4, 
Paragraph 4.4 of IEC 62301 (incorporated by 
reference, see § 430.3). 

3.2.4 Standby mode and off mode ambient tem-
perature. For standby mode and off mode 
testing, maintain room ambient air tempera-
ture conditions as specified in Section 4, 
Paragraph 4.2 of IEC 62301 (incorporated by 
reference; see § 430.3). 

4. TEST MEASUREMENT 

4.1 Active mode. Measure the energy factor 
for dehumidifiers, expressed in liters per kil-
owatt hour (L/kWh) and product capacity in 
pints per day (pints/day), in accordance with 
the test requirements specified in Section 7, 
‘‘Capacity Test and Energy Consumption 
Test,’’ of ANSI/AHAM DH–1 (incorporated by 
reference, see § 430.3). 

4.2 Standby mode and off mode. Establish 
the testing conditions set forth in section 3.2 
of this appendix, ensuring that the dehumidi-
fier does not enter active mode during the 
test. For dehumidifiers that take some time 
to enter a stable state from a higher power 
state as discussed in Section 5, Paragraph 
5.1, Note 1 of IEC 62301, (incorporated by ref-
erence; see § 430.3), allow sufficient time for 
the dehumidifier to reach the lower power 
state before proceeding with the test meas-
urement. Follow the test procedure specified 
in Section 5, Paragraph 5.3.2 of IEC 62301 for 
testing in each possible mode as described in 
sections 4.2.1 and 4.2.2 of this appendix. 

4.2.1 If the dehumidifier has an inactive 
mode, as defined in section 2.6 of this appen-
dix, but not an off mode, as defined in sec-
tion 2.7 of this appendix, measure and record 
the average inactive mode power of the dehu-
midifier, PIA, in watts. Otherwise, if the de-
humidifier has an off mode, as defined in sec-
tion 2.7 of this appendix, measure and record 

the average off mode power of the dehumidi-
fier, POM, in watts. 

4.2.2 If the dehumidifier has an off-cycle 
mode, as defined in section 2.8 of this appen-
dix, measure and record the average off-cycle 
mode power of the dehumidifier, POC, in 
watts. 

5. CALCULATION OF DERIVED RESULTS FROM 
TEST MEASUREMENTS 

5.1 Annual combined low-power mode energy 
consumption. Calculate the annual combined 
low-power mode energy consumption for de-
humidifiers, ETLP, expressed in kilowatt- 
hours per year, according to the following: 

ETLP = [(PIO × SIO) + (POC × SOC)] × K 

Where: 

PIO = PIA, dehumidifier inactive mode power, 
or POM, dehumidifier off mode power, in 
watts, as measured in section 4.2.1 of this 
appendix. 

POC = dehumidifier off-cycle mode power, in 
watts, as measured in section 4.2.2 of this 
appendix. 

SIO = 1840,5 dehumidifier inactive mode or off 
mode annual hours. 

SOC = 1840,5 dehumidifier off-cycle mode an-
nual hours. 

K = 0.001 kWh/Wh conversion factor for watt- 
hours to kilowatt-hours. 

5.2 Integrated energy factor. Calculate the 
integrated energy factor, IEF, expressed in 
liters per kilowatt-hour, rounded to two dec-
imal places, according to the following: 

IEF = LW/(Eactive + ((ETLP × 24)/Sactive)) 

Where: 

LW = water removed from the air during de-
humidifier energy factor test, in liters, 
as measured in section 4.1 of this appen-
dix. 

Eactive = dehumidifier energy factor test en-
ergy consumption, in kilowatt-hours, as 
measured in section 4.1 of this appendix. 

ETLP = standby mode and off mode annual en-
ergy consumption, in kilowatt-hours per 
year, as calculated in section 5.1 of this 
appendix. 

24 = hours per day. 
Sactive = 1,095, dehumidifier active mode an-

nual hours. 

[77 FR 65995, Oct. 31, 2012, redesignated and 
amended at 79 FR 7370, Feb. 7, 2014] 

APPENDIX Y TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF BATTERY CHARGERS 

The provisions of this appendix are effec-
tive on the compliance date of any energy 
conservation standard for battery chargers. 
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1 For clarity on any other terminology 
used in the test method, please refer to IEEE 
Standard 1515–2000. 

1. SCOPE 

This appendix covers the test requirements 
used to measure battery charger energy con-
sumption for battery chargers operating at 
either DC or United States AC line voltage 
(115V at 60Hz). 

2. DEFINITIONS 

The following definitions are for the pur-
poses of explaining the terminology associ-
ated with the test method for measuring bat-
tery charger energy consumption.1 

2.1. Active mode or charge mode is the state 
in which the battery charger system is con-
nected to the main electricity supply, and 
the battery charger is delivering current, 
equalizing the cells, and performing other 
one-time or limited-time functions in order 
to bring the battery to a fully charged state. 

2.2. Active power or real power (P) means the 
average power consumed by a unit. For a two 
terminal device with current and voltage 
waveforms i(t) and v(t), which are periodic 
with period T, the real or active power P is: 

2.3. Ambient temperature is the temperature 
of the ambient air immediately surrounding 
the unit under test. 

2.4. Apparent power (S) is the product of 
root-mean-square (RMS) voltage and RMS 
current in volt-amperes (VA). 

2.5. Batch charger is a battery charger that 
charges two or more identical batteries si-
multaneously in a series, parallel, series-par-
allel, or parallel-series configuration. A 
batch charger does not have separate voltage 
or current regulation, nor does it have any 
separate indicators for each battery in the 
batch. When testing a batch charger, the 
term ‘‘battery’’ is understood to mean, col-
lectively, all the batteries in the batch that 
are charged together. A charger can be both 
a batch charger and a multi-port charger or 
multi-voltage charger. 

2.6. Battery or battery pack is an assembly 
of one or more rechargeable cells and any in-
tegral protective circuitry intended to pro-
vide electrical energy to a consumer prod-
uct, and may be in one of the following 
forms: (a) Detachable battery (a battery that 
is contained in a separate enclosure from the 
consumer product and is intended to be re-
moved or disconnected from the consumer 
product for recharging); or (b) integral bat-
tery (a battery that is contained within the 
consumer product and is not removed from 
the consumer product for charging purposes). 
The word ‘‘intended’’ in this context refers 

to the whether a battery has been designed 
in such a way as to permit its removal or 
disconnection from its associated consumer 
product. 

2.7. Battery energy is the energy, in watt- 
hours, delivered by the battery under the 
specified discharge conditions in the test 
procedure. 

2.8. Battery maintenance mode or mainte-
nance mode is the mode of operation when 
the battery charger is connected to the main 
electricity supply and the battery is fully 
charged, but is still connected to the charg-
er. 

2.9. Battery rest period is a period of time 
between discharge and charge or between 
charge and discharge, during which the bat-
tery is resting in an open-circuit state in 
ambient air. 

2.10. C-rate is the rate of charge or dis-
charge, calculated by dividing the charge or 
discharge current by the rated charge capac-
ity of the battery. 

2.11. Cradle is an electrical interface be-
tween an integral battery product and the 
rest of the battery charger designed to hold 
the product between uses. 

2.12. Equalization is a process whereby a 
battery is overcharged, beyond what would 
be considered ‘‘normal’’ charge return, so 
that cells can be balanced, electrolyte 
mixed, and plate sulfation removed. 

2.13. Instructions or manufacturer’s instruc-
tions means the documentation packaged 
with a product in printed or electronic form 
and any information about the product listed 
on a Web site maintained by the manufac-
turer and accessible by the general public at 
the time of the test. It also includes any in-
formation on the packaging or on the prod-
uct itself. ‘‘Instructions’’ also includes any 
service manuals or data sheets that the man-
ufacturer offers to independent service tech-
nicians, whether printed or in electronic 
form. 

2.14. Measured charge capacity of a battery 
is the product of the discharge current in 
amperes and the time in decimal hours re-
quired to reach the specified end-of-dis-
charge voltage. 

2.15. Manual on-off switch is a switch acti-
vated by the user to control power reaching 
the battery charger. This term does not 
apply to any mechanical, optical, or elec-
tronic switches that automatically dis-
connect mains power from the battery charg-
er when a battery is removed from a cradle 
or charging base, or for products with non- 
detachable batteries that control power to 
the product itself. 

2.16. Multi-port charger means a battery 
charger that charges two or more batteries 
(which may be identical or different) simul-
taneously. The batteries are not connected 
in series or in parallel but with each port 
having separate voltage and/or current regu-
lation. If the charger has status indicators, 
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each port has its own indicator(s). A charger 
can be both a batch charger and a multi-port 
charger if it is capable of charging two or 
more batches of batteries simultaneously 
and each batch has separate regulation and/ 
or indicator(s). 

2.17. Multi-voltage charger is a battery 
charger that, by design, can charge a variety 
of batteries (or batches of batteries, if also a 
batch charger) that are of different rated 
battery voltages. A multi-voltage charger 
can also be a multi-port charger if it can 
charge two or more batteries simultaneously 
with independent voltage and/or current reg-
ulation. 

2.18. Off mode is the condition, applicable 
only to units with manual on-off switches, in 
which the battery charger: 

(1) Is connected to the main electricity 
supply; 

(2) Is not connected to the battery; and 
(3) All manual on-off switches are turned 

off. 
2.19. Rated battery voltage is specified by the 

manufacturer and typically printed on the 
label of the battery itself. If there are mul-
tiple batteries that are connected in series, 
the rated battery voltage of the batteries is 
the total voltage of the series configura-
tion—that is, the rated voltage of each bat-
tery multiplied by the number of batteries 
connected in series. Connecting multiple 
batteries in parallel does not affect the rated 
battery voltage. 

2.20. Rated charge capacity is the capacity 
claimed by a manufacturer, on a label or in 
instructions, the battery can store under 
specified test conditions, usually given in 
ampere-hours (Ah) or milliampere-hours 
(mAh) and typically printed on the label of 
the battery itself. If there are multiple bat-
teries that are connected in parallel, the 
rated charge capacity of the batteries is the 
total charge capacity of the parallel configu-
ration, that is, the rated charge capacity of 
each battery multiplied by the number of 
batteries connected in parallel. Connecting 
multiple batteries in series does not affect 
the rated charge capacity. 

2.21. Rated energy capacity means the prod-
uct (in watt-hours) of the rated battery volt-
age and the rated charge capacity. 

2.22. Standby mode or no-battery mode means 
the condition in which: 

(1) The battery charger is connected to the 
main electricity supply; 

(2) The battery is not connected to the 
charger; and 

(3) For battery chargers with manual on- 
off switches, all such switches are turned on. 

2.23. Total harmonic distortion (THD), ex-
pressed as a percent, is the root mean square 
(RMS) value of an AC signal after the funda-
mental component is removed and interhar-
monic components are ignored, divided by 
the RMS value of the fundamental compo-
nent. 

2.24. Unit under test (UUT) in this appendix 
refers to the combination of the battery 
charger and battery being tested. 

3. STANDARD TEST CONDITIONS 

3.1. General 

The values that may be measured or cal-
culated during the conduct of this test proce-
dure have been summarized for easy ref-
erence in Table 3.1. 

TABLE 3.1— LIST OF MEASURED OR 
CALCULATED VALUES 

Name of measured or calculated 
value Reference Value 

1. Duration of the charge and main-
tenance mode test ....................... Section 5 .2 

2. Battery Discharge Energy ........... Section 4 .6 
3. Initial time and power (W) of the 

input current of connected battery Section 5 .8 
4. Active and Maintenance Mode 

Energy Consumption ................... Section 5 .8 
5. Maintenance Mode Power .......... Section 5 .9 
6. 24 Hour Energy Consumption .... Section 5 .10 
7. Standby Mode Power .................. Section 5 .11 
8. Off Mode Power .......................... Section 5 .12 

3.2. Verifying Accuracy and Precision of 
Measuring Equipment 

a. Measurements of active power of 0.5 W 
or greater shall be made with an uncertainty 
of ≤2 percent at the 95 percent confidence 
level. Measurements of active power of less 
than 0.5 W shall be made with an uncertainty 
of ≤0.01 W at the 95 percent confidence level. 
The power measurement instrument shall, as 
applicable, have a resolution of: 

(1) 0.01 W or better for measurements up to 
10 W; 

(2) 0.1 W or better for measurements of 10 
to 100 W; or 

(3) 1 W or better for measurements over 100 
W. 

b. Measurements of energy (Wh) shall be 
made with an uncertainty of ≤2 percent at 
the 95 percent confidence level. Measure-
ments of voltage and current shall be made 
with an uncertainty of ≤1 percent at the 95 
percent confidence level. Measurements of 
temperature shall be made with an uncer-
tainty of ≤2 °C at the 95 percent confidence 
level. 

c. All equipment used to conduct the tests 
must be selected and calibrated to ensure 
that measurements will meet the above un-
certainty requirements. For suggestions on 
measuring low power levels, see IEC 62301, 
(Reference for guidance only, see § 430.4) es-
pecially Section 5.3.2 and Annexes B and D. 

3.3. Setting Up the Test Room 

All tests, battery conditioning, and bat-
tery rest periods shall be carried out in a 
room with an air speed immediately sur-
rounding the UUT of ≤0.5 m/s. The ambient 
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temperature shall be maintained at 20 °C ±5 
°C throughout the test. There shall be no in-
tentional cooling of the UUT such as by use 
of separately powered fans, air conditioners, 
or heat sinks. The UUT shall be conditioned, 
rested, and tested on a thermally non-con-
ductive surface. When not undergoing active 
testing, batteries shall be stored at 20 °C ±5 
°C. 

3.4. Verifying the UUT’s Input Voltage and 
Input Frequency 

a. If the UUT is intended for operation on 
AC line-voltage input in the United States, 
it shall be tested at 115 V at 60 Hz. If the 
UUT is intended for operation on AC line- 
voltage input but cannot be operated at 115 
V at 60 Hz, it shall not be tested. 

b. If a charger is powered by a low-voltage 
DC or AC input, and the manufacturer pack-
ages the charger with a wall adapter, sells, 
or recommends an optional wall adapter ca-
pable of providing that low voltage input, 
then the charger shall be tested using that 
wall adapter and the input reference source 
shall be 115 V at 60 Hz. If the wall adapter 
cannot be operated with AC input voltage at 
115 V at 60 Hz, the charger shall not be test-
ed. 

c. If the UUT is designed for operation only 
on DC input voltage and the provisions of 
paragraph 3.4 (b) above do not apply, it shall 
be tested with one of the following input 
voltages: 5.0 V DC for products drawing 
power from a computer USB port or the mid-
point of the rated input voltage range for all 
other products. The input voltage shall be 
within ±1 percent of the above specified volt-
age. 

d. If the input voltage is AC, the input fre-
quency shall be within ±1 percent of the spec-
ified frequency. The THD of the input volt-
age shall be ≤2 percent, up to and including 
the 13th harmonic. The crest factor of the 
input voltage shall be between 1.34 and 1.49. 

e. If the input voltage is DC, the AC ripple 
voltage (RMS) shall be: 

(1) ≤0.2 V for DC voltages up to 10 V; or 
(2) ≤2 percent of the DC voltage for DC 

voltages over 10 V. 

UNIT UNDER TEST SETUP REQUIREMENTS 

4.1. General Setup 

a. The battery charger system shall be pre-
pared and set up in accordance with the 
manufacturer’s instructions, except where 
those instructions conflict with the require-
ments of this test procedure. If no instruc-
tions are given, then factory or ‘‘default’’ 
settings shall be used, or where there are no 
indications of such settings, the UUT shall 
be tested in the condition as it would be sup-
plied to an end user. 

b. If the battery charger has user controls 
to select from two or more charge rates 
(such as regular or fast charge) or different 

charge currents, the test shall be conducted 
at the fastest charge rate that is rec-
ommended by the manufacturer for everyday 
use, or, failing any explicit recommendation, 
the factory-default charge rate. If the charg-
er has user controls for selecting special 
charge cycles that are recommended only for 
occasional use to preserve battery health, 
such as equalization charge, removing mem-
ory, or battery conditioning, these modes are 
not required to be tested. The settings of the 
controls shall be listed in the report for each 
test. 

4.2. Selection and Treatment of the Battery 
Charger 

The UUT, including the battery charger 
and its associated battery, shall be new prod-
ucts of the type and condition that would be 
sold to a customer. If the battery is lead-acid 
chemistry and the battery is to be stored for 
more than 24 hours between its initial acqui-
sition and testing, the battery shall be 
charged before such storage. 

4.3. Selection of Batteries To Use for Testing 

a. For chargers with integral batteries, the 
battery packaged with the charger shall be 
used for testing. For chargers with detach-
able batteries, the battery or batteries to be 
used for testing will vary depending on 
whether there are any batteries packaged 
with the battery charger. 

(1) If batteries are packaged with the 
charger, batteries for testing shall be se-
lected from the batteries packaged with the 
battery charger, according to the procedure 
in section 4.3.b. 

(2) If no batteries are packaged with the 
charger, but the instructions specify or rec-
ommend batteries for use with the charger, 
batteries for testing shall be selected from 
those recommended or specified in the in-
structions, according to the procedure in sec-
tion 4.3.b. 

(3) If no batteries are packaged with the 
charger and the instructions do not specify 
or recommend batteries for use with the 
charger, batteries for testing shall be se-
lected from any that are suitable for use 
with the charger, according to the procedure 
in section 4.3.b. 

b. From the detachable batteries specified 
above, the technician shall use Table 4.1 to 
select the batteries to be used for testing de-
pending on the type of charger being tested. 
Each row in the table represents a mutually 
exclusive charger type. The technician shall 
find the single applicable row for the UUT, 
and test according to those requirements. 

c. A charger is considered as: 
(1) Single-capacity if all associated bat-

teries have the same rated charge capacity 
(see definition) and, if it is a batch charger, 
all configurations of the batteries have the 
same rated charge capacity. 
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(2) Multi-capacity if there are associated 
batteries or configurations of batteries that 
have different rated charge capacities. 

d. The selected battery or batteries will be 
referred to as the ‘‘test battery’’ and will be 
used through the remainder of this test pro-
cedure. 

TABLE 4.1—BATTERY SELECTION FOR TESTING 

Type of charger Tests to perform 

Multi-voltage Multi-port Multi- 
capacity 

Number 
of tests Battery selection (from all configurations of all associated batteries) 

No ................. No ............ No ............ 1 ............. Any associated battery. 
No ................. No ............ Yes .......... 2 ............. Lowest charge capacity battery. 

Highest charge capacity battery. 
No ................. Yes .......... Yes or No 2 ............. Use only one port and use the minimum number of batteries with the 

lowest rated charge capacity that the charger can charge. 
Use all ports and use the maximum number of identical batteries of the 

highest rated charge capacity the charger can accommodate. 
Yes ................ No ............ No ............ 2 ............. Lowest voltage battery. 

Highest voltage battery. 

Yes ................ Yes to either or both 3 ............. Of the batteries with the lowest voltage, use the one with the lowest 
charge capacity. Use only one port. 

Of the batteries with the highest voltage, use the one with the lowest 
charge capacity. Use only one port. 

Use all ports and use the battery or the configuration of batteries with 
the highest total rated energy capacity. 

4.4. Limiting Other Non-Battery-Charger 
Functions 

a. If the battery charger or product con-
taining the battery charger does not have 
any additional functions unrelated to bat-
tery charging, this subsection may be 
skipped. 

b. Any optional functions controlled by the 
user and not associated with the battery 
charging process (e.g., the answering ma-
chine in a cordless telephone charging base) 
shall be switched off. If it is not possible to 
switch such functions off, they shall be set 
to their lowest power-consuming mode dur-
ing the test. 

c. If the battery charger takes any phys-
ically separate connectors or cables not re-
quired for battery charging but associated 
with its other functionality (such as phone 
lines, serial or USB connections, Ethernet, 
cable TV lines, etc.), these connectors or ca-
bles shall be left disconnected during the 
testing. 

d. Any manual on-off switches specifically 
associated with the battery charging process 
shall be switched on for the duration of the 
charge, maintenance, and no-battery mode 
tests, and switched off for the off mode test. 

4.5. Accessing the Battery for the Test 

a. The technician may need to disassemble 
the end-use product or battery charger to 
gain access to the battery terminals for the 
Battery Discharge Energy Test in section 
5.6. If the battery terminals are not clearly 
labeled, the technician shall use a voltmeter 
to identify the positive and negative termi-
nals. These terminals will be the ones that 

give the largest voltage difference and are 
able to deliver significant current (0.2 C or 1/ 
hr) into a load. 

b. All conductors used for contacting the 
battery must be cleaned and burnished prior 
to connecting in order to decrease voltage 
drops and achieve consistent results. 

c. Manufacturer’s instructions for dis-
assembly shall be followed, except those in-
structions that: 

(1) Lead to any permanent alteration of 
the battery charger circuitry or function; 

(2) Could alter the energy consumption of 
the battery charger compared to that experi-
enced by a user during typical use, e.g., due 
to changes in the airflow through the enclo-
sure of the UUT; or 

(3) Conflict requirements of this test proce-
dure. 

d. Care shall be taken by the technician 
during disassembly to follow appropriate 
safety precautions. If the functionality of 
the device or its safety features is com-
promised, the product shall be discarded 
after testing. 

e. Some products may include protective 
circuitry between the battery cells and the 
remainder of the device. If the manufacturer 
provides a description for accessing the con-
nections at the output of the protective cir-
cuitry, these connections shall be used to 
discharge the battery and measure the dis-
charge energy. The energy consumed by the 
protective circuitry during discharge shall 
not be measured or credited as battery en-
ergy. 

f. If the technician, despite diligent effort 
and use of the manufacturer’s instructions, 
encounters any of the following conditions 
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noted immediately below, the Battery Dis-
charge Energy and the Charging and Mainte-
nance Mode Energy shall be reported as ‘‘Not 
Applicable’’: 

(1) Inability to access the battery termi-
nals; 

(2) Access to the battery terminals de-
stroys charger functionality; or 

(3) Inability to draw current from the test 
battery. 

4.6. Determining Charge Capacity for Batteries 
With No Rating 

If there is no rating for the battery charge 
capacity on the battery or in the instruc-
tions, then the technician shall determine a 
discharge current that meets the following 
requirements. The battery shall be fully 
charged and then discharged at this con-
stant-current rate until it reaches the end- 
of-discharge voltage specified in Table 5.2. 
The discharge time must be not less than 4.5 
hours nor more than 5 hours. In addition, the 
discharge test (Section 5.6) (which may not 
be starting with a fully-charged battery) 
shall reach the end-of-discharge voltage 
within 5 hours. The same discharge current 
shall be used for both the preparations step 

(Section 5.4) and the discharge test (Section 
5.6). The test report shall include the dis-
charge current used and the resulting dis-
charge times for both a fully-charged battery 
and for the discharge test. 

For this section, the battery is considered 
as ‘‘fully charged’’ when either (a) it has 
been charged by the UUT until an indicator 
on the UUT shows that the charge is com-
plete, or (b) it has been charged by a battery 
analyzer at a current not greater than the 
discharge current until the battery analyzer 
indicates that the battery is fully charged. 

When there is no capacity rating, a suit-
able discharge current must generally be de-
termined by trial and error. Since the condi-
tioning step does not require constant-cur-
rent discharges, the trials themselves may 
also be counted as part of battery condi-
tioning. 

5. TEST MEASUREMENT 

The test sequence to measure the battery 
charger energy consumption is summarized 
in Table 5.1, and explained in detail below. 
Measurements shall be made under test con-
ditions and with the equipment specified in 
Sections 3 and 4. 

TABLE 5.1—TEST SEQUENCE 

Step Description Data 
taken? 

Equipment needed 

Test 
battery Charger 

Battery 
analyzer or 
constant- 
current 

load 

AC power 
meter 

Thermometer 
(for flooded 
lead-acid 
battery 

chargers only) 

1 .... Record general data on UUT; Section 5.1 ........ Yes .... X X .................. ................ ........................
2 .... Determine test duration; Section 5.2 ................. No ..... ............ .............. .................. ................ ........................
3 .... Battery conditioning; Section 5.3 ....................... No ..... X X X ................ ........................
4 .... Prepare battery for charge test; Section 5.4 ..... No ..... X X .................. ................ ........................
5 .... Battery rest period; Section 5.5 ......................... No ..... X .............. .................. ................ X 
6 .... Conduct Charge Mode and Battery Mainte-

nance Mode Test; Section 5.6.
Yes .... X X .................. X ........................

7 .... Battery Rest Period; Section 5.7 ....................... No ..... X .............. .................. ................ X 
8 .... Battery Discharge Energy Test; Section 5.8 ..... Yes .... X .............. X ................ ........................
9 .... Determining the Maintenance Mode Power; 

Section 5.9.
Yes .... X X .................. X ........................

10 .. Calculating the 24–Hour Energy Consumption; 
Section 5.10.

No ..... ............ .............. .................. ................ ........................

11 .. Standby Mode Test; Section 5.11 ..................... Yes .... ............ X .................. X ........................
12 .. Off Mode Test; Section 5.12 .............................. Yes .... ............ X .................. X ........................

5.1. Recording General Data on the UUT 

The technician shall record: 
(1) The manufacturer and model of the bat-

tery charger; 
(2) The presence and status of any addi-

tional functions unrelated to battery charg-
ing; 

(3) The manufacturer, model, and number 
of batteries in the test battery; 

(4) The rated battery voltage of the test 
battery; 

(5) The rated charge capacity of the test 
battery; and 

(6) The rated charge energy of the test bat-
tery. 

(7) The settings of the controls, if battery 
charger has user controls to select from two 
or more charge rates 

5.2. Determining the Duration of the Charge 
and Maintenance Mode Test 

a. The charging and maintenance mode 
test, described in detail in section 5.8, shall 
be 24 hours in length or longer, as deter-
mined by the items below. Proceed in order 
until a test duration is determined. 
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(1) If the battery charger has an indicator 
to show that the battery is fully charged, 
that indicator shall be used as follows: If the 
indicator shows that the battery is charged 
after 19 hours of charging, the test shall be 
terminated at 24 hours. Conversely, if the 
full-charge indication is not yet present 
after 19 hours of charging, the test shall con-
tinue until 5 hours after the indication is 
present. 

(2) If there is no indicator, but the manu-
facturer’s instructions indicate that charg-

ing this battery or this capacity of battery 
should be complete within 19 hours, the test 
shall be for 24 hours. If the instructions indi-
cate that charging may take longer than 19 
hours, the test shall be run for the longest 
estimated charge time plus 5 hours. 

(3) If there is no indicator and no time esti-
mate in the instructions, but the charging 
current is stated on the charger or in the in-
structions, calculate the test duration as the 
longer of 24 hours or: 

b. If none of the above applies, the dura-
tion of the test shall be 24 hours. 

5.3. Battery Conditioning 

a. No conditioning is to be done on lead- 
acid or lithium-ion batteries. The test tech-
nician shall proceed directly to battery prep-
aration, section 5.4, when testing chargers 
for these batteries. 

b. Products with integral batteries will 
have to be disassembled per the instructions 
in section 4.5, and the battery disconnected 
from the charger for discharging. 

c. Batteries of other chemistries that have 
not been previously cycled are to be condi-
tioned by performing two charges and two 
discharges, followed by a charge, as below. 
No data need be recorded during battery con-
ditioning. 

(1) The test battery shall be fully charged 
for the duration specified in section 5.2 or 
longer using the UUT. 

(2) The test battery shall then be fully dis-
charged using either: 

(i) A battery analyzer at a rate not to ex-
ceed 1 C, until its average cell voltage under 
load reaches the end-of-discharge voltage 
specified in Table 5.2 for the relevant battery 
chemistry; or 

(ii) The UUT, until the UUT ceases oper-
ation due to low battery voltage. 

(3) The test battery shall again be fully 
charged as in step c.(1) of this section. 

(4) The test battery shall again be fully 
discharged as per step c.(2) of this section. 

(5) The test battery shall be again fully 
charged as in step c.(1) of this section. 

d. Batteries of chemistries other than lead- 
acid or lithium-ion that are known to have 
been through at least two previous full 
charge/discharge cycles shall only be charged 
once per step c.(5), of this section. 

5.4. Preparing the Battery for Charge Testing 

Following any conditioning prior to begin-
ning the battery charge test (section 5.6), the 

test battery shall be fully discharged for the 
duration specified in section 5.2 or longer 
using a battery analyzer. 

5.5. Resting the Battery 

The test battery shall be rested between 
preparation and the battery charge test. The 
rest period shall be at least one hour and not 
exceed 24 hours. For batteries with flooded 
cells, the electrolyte temperature shall be 
less than 30 °C before charging, even if the 
rest period must be extended longer than 24 
hours. 

5.6. Testing Charge Mode and Battery 
Maintenance Mode 

a. The Charge and Battery Maintenance 
Mode test measures the energy consumed 
during charge mode and some time spent in 
the maintenance mode of the UUT. Func-
tions required for battery conditioning that 
happen only with some user-selected switch 
or other control shall not be included in this 
measurement. (The technician shall manu-
ally turn off any battery conditioning cycle 
or setting.) Regularly occurring battery con-
ditioning or maintenance functions that are 
not controlled by the user will, by default, be 
incorporated into this measurement. 

b. During the measurement period, input 
power values to the UUT shall be recorded at 
least once every minute. 

(1) If possible, the technician shall set the 
data logging system to record the average 
power during the sample interval. The total 
energy is computed as the sum of power sam-
ples (in watts) multiplied by the sample in-
terval (in hours). 

(2) If this setting is not possible, then the 
power analyzer shall be set to integrate or 
accumulate the input power over the meas-
urement period and this result shall be used 
as the total energy. 

c. The technician shall follow these steps: 
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(1) Ensure that the user-controllable device 
functionality not associated with battery 
charging and any battery conditioning cycle 
or setting are turned off, as instructed in 
section 4.4; 

(2) Ensure that the test battery used in 
this test has been conditioned, prepared, dis-
charged, and rested as described in sections 
5.3 through 5.7; 

(3) Connect the data logging equipment to 
the battery charger; 

(4) Record the start time of the measure-
ment period, and begin logging the input 
power; 

(5) Connect the test battery to the battery 
charger within 3 minutes of beginning log-
ging. For integral battery products, connect 
the product to a cradle or wall adapter with-
in 3 minutes of beginning logging; 

(6) After the test battery is connected, 
record the initial time and power (W) of the 
input current to the UUT. These measure-
ments shall be taken within the first 10 min-
utes of active charging; 

(7) Record the input power for the duration 
of the ‘‘Charging and Maintenance Mode 
Test’’ period, as determined by section 5.2. 
The actual time that power is connected to 
the UUT shall be within ±5 minutes of the 
specified period; and 

(8) Disconnect power to the UUT, termi-
nate data logging, and record the final time. 

5.7. Resting the Battery 

The test battery shall be rested between 
charging and discharging. The rest period 
shall be at least 1 hour and not more than 4 
hours, with an exception for flooded cells. 
For batteries with flooded cells, the electro-
lyte temperature shall be less than 30 °C be-
fore charging, even if the rest period must be 
extended beyond 4 hours. 

5.8. Battery Discharge Energy Test 

a. If multiple batteries were charged si-
multaneously, the discharge energy is the 
sum of the discharge energies of all the bat-
teries. 

(1) For a multi-port charger, batteries that 
were charged in separate ports shall be dis-
charged independently. 

(2) For a batch charger, batteries that were 
charged as a group may be discharged indi-
vidually, as a group, or in sub-groups con-
nected in series and/or parallel. The position 
of each battery with respect to the other 
batteries need not be maintained. 

b. During discharge, the battery voltage 
and discharge current shall be sampled and 
recorded at least once per minute. The val-
ues recorded may be average or instanta-
neous values. 

c. For this test, the technician shall follow 
these steps: 

(1) Ensure that the test battery has been 
charged by the UUT and rested according to 
the procedures above. 

(2) Set the battery analyzer for a constant 
discharge current of 0.2 °C and the end-of-dis-
charge voltage in Table 5.2 for the relevant 
battery chemistry. 

(3) Connect the test battery to the ana-
lyzer and begin recording the voltage, cur-
rent, and wattage, if available from the bat-
tery analyzer. When the end-of-discharge 
voltage is reached or the UUT circuitry ter-
minates the discharge, the test battery shall 
be returned to an open-circuit condition. If 
current continues to be drawn from the test 
battery after the end-of-discharge condition 
is first reached, this additional energy is not 
to be counted in the battery discharge en-
ergy. 

d. If not available from the battery ana-
lyzer, the battery discharge energy (in watt- 
hours) is calculated by multiplying the volt-
age (in volts), current (in amperes), and sam-
ple period (in hours) for each sample, and 
then summing over all sample periods until 
the end-of-discharge voltage is reached. 

5.9. Determining the Maintenance Mode Power 

After the measurement period is complete, 
the technician shall determine the average 
maintenance mode power consumption by 
examining the power-versus-time data from 
the charge and maintenance test and: 

(1) If the maintenance mode power is cyclic 
or shows periodic pulses, compute the aver-
age power over a time period that spans a 
whole number of cycles and includes at least 
the last 4 hours. 

(2) Otherwise, calculate the average power 
value over the last 4 hours. 

5.10. Determining the 24-Hour Energy 
Consumption 

The accumulated energy or the average 
input power, integrated over the test period 
from the charge and maintenance mode test, 
shall be used to calculate 24-hour energy 
consumption. 

TABLE 5.2—REQUIRED BATTERY DISCHARGE 
RATES AND END-OF-DISCHARGE BATTERY 
VOLTAGES 

Battery chemistry 
Discharge 

rate 
C 

End-of- 
discharge 

voltage 
volts per cell 

Valve-Regulated Lead Acid 
(VRLA) ..................................... 0.2 1 .75 

Flooded Lead Acid ...................... 0.2 1 .70 
Nickel Cadmium (NiCd) ............... 0.2 1 .0 
Nickel Metal Hydride (NiMH) ....... 0.2 1 .0 
Lithium Ion (Li-Ion) ...................... 0.2 2 .5 
Lithium Polymer ........................... 0.2 2 .5 
Rechargeable Alkaline ................ 0.2 0 .9 
Nanophosphate Lithium Ion ........ 0.2 2 .0 
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TABLE 5.2—REQUIRED BATTERY DISCHARGE 
RATES AND END-OF-DISCHARGE BATTERY 
VOLTAGES—Continued 

Battery chemistry 
Discharge 

rate 
C 

End-of- 
discharge 

voltage 
volts per cell 

Silver Zinc .................................... 0.2 1 .2 

5.11. Standby Mode Energy Consumption 
Measurement 

The standby mode measurement depends 
on the configuration of the battery charger, 
as follows. 

a. Conduct a measurement of standby 
power consumption while the battery charg-
er is connected to the power source. Dis-
connect the battery from the charger, allow 
the charger to operate for at least 30 min-
utes, and record the power (i.e., watts) con-
sumed as the time series integral of the 
power consumed over a 10-minute test pe-
riod, divided by the period of measurement. 
If the battery charger has manual on-off 
switches, all must be turned on for the dura-
tion of the standby mode test. 

b. Standby mode may also apply to prod-
ucts with integral batteries. If the product 
uses a cradle and/or adapter for power con-
version and charging, then ‘‘disconnecting 
the battery from the charger’’ will require 
disconnection of the end-use product, which 
contains the batteries. The other enclosures 
of the battery charging system will remain 
connected to the main electricity supply, 
and standby mode power consumption will 
equal that of the cradle and/or adapter alone. 

c. If the product is powered through a de-
tachable AC power cord and contains inte-
grated power conversion and charging cir-
cuitry, then only the cord will remain con-
nected to mains, and standby mode power 
consumption will equal that of the AC power 
cord (i.e., zero watts). 

d. Finally, if the product contains inte-
grated power conversion and charging cir-
cuitry but is powered through a non-detach-
able AC power cord or plug blades, then no 
part of the system will remain connected to 
mains, and standby mode measurement is 
not applicable. 

5.12. Off Mode Energy Consumption 
Measurement 

The off mode measurement depends on the 
configuration of the battery charger, as fol-
lows. 

a. If the battery charger has manual on-off 
switches, record a measurement of off mode 
energy consumption while the battery charg-
er is connected to the power source. Remove 
the battery from the charger, allow the 
charger to operate for at least 30 minutes, 
and record the power (i.e., watts) consumed 
as the time series integral of the power con-

sumed over a 10-minute test period, divided 
by the period of measurement, with all man-
ual on-off switches turned off. If the battery 
charger does not have manual on-off switch-
es, record that the off mode measurement is 
not applicable to this product. 

b. Off mode may also apply to products 
with integral batteries. If the product uses a 
cradle and/or adapter for power conversion 
and charging, then ‘‘disconnecting the bat-
tery from the charger’’ will require dis-
connection of the end-use product, which 
contains the batteries. The other enclosures 
of the battery charging system will remain 
connected to the main electricity supply, 
and off mode power consumption will equal 
that of the cradle and/or adapter alone. 

c. If the product is powered through a de-
tachable AC power cord and contains inte-
grated power conversion and charging cir-
cuitry, then only the cord will remain con-
nected to mains, and off mode power con-
sumption will equal that of the AC power 
cord (i.e., zero watts). 

d. Finally, if the product contains inte-
grated power conversion and charging cir-
cuitry but is powered through a non-detach-
able AC power cord or plug blades, then no 
part of the system will remain connected to 
mains, and off mode measurement is not ap-
plicable. 

[76 FR 31776, June 1, 2011] 

APPENDIX Z TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF EXTERNAL POWER SUP-
PLIES 

1. Scope: This appendix covers the test re-
quirements used to measure energy con-
sumption of external power supplies. 

2. Definitions: The following definitions are 
for the purposes of understanding termi-
nology associated with the test method for 
measuring external power supply energy con-
sumption. For clarity on any other termi-
nology used in the test method, please refer 
to IEC Standard 60050 or IEEE Standard 100. 
(Reference for guidance only, see § 430.4.) 

a. Active mode means the mode of operation 
when the external power supply is connected 
to the main electricity supply and the out-
put is (or ‘‘all outputs are’’ for a multiple- 
voltage external power supply) connected to 
a load (or ‘‘loads’’ for a multiple-voltage ex-
ternal power supply). 

b. Active mode efficiency is the ratio, ex-
pressed as a percentage, of the total real out-
put power produced by a power supply to the 
real input power required to produce it. (Ref-
erence for guidance only, see IEEE Standard 
1515–2000, 4.3.1.1, § 430.4.) 

c. Active power (P) (also real power) means 
the average power consumed by a unit. For a 
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two terminal device with current and volt-
age waveforms i(t) and v(t) which are peri-
odic with period T, the real or active power 
P is: 

d. Ambient temperature means the tempera-
ture of the ambient air immediately sur-
rounding the unit under test. 

e. Apparent power (S) is the product of RMS 
voltage and RMS current (VA). 

f. Instantaneous power means the product of 
the instantaneous voltage and instantaneous 
current at a port (the terminal pair of a 
load). 

g. Manual on-off switch is a switch acti-
vated by the user to control power reaching 
the device. This term does not apply to any 
mechanical, optical, or electronic switches 
that automatically disconnect mains power 
from the device when a load is disconnected 
from the device, or that control power to the 
load itself. 

h. Minimum output current means the min-
imum current that must be drawn from an 
output bus for an external power supply to 
operate within its specifications. 

i. Multiple-voltage external power supply 
means an external power supply that is de-
signed to convert line voltage AC input into 
more than one simultaneous lower-voltage 
output. 

j. Nameplate input frequency means the AC 
input frequency of the power supply as speci-
fied on the manufacturer’s label on the 
power supply housing. 

k. Nameplate input voltage means the AC 
input voltage of the power supply as speci-
fied on the manufacturer’s label on the 
power supply housing. 

l. Nameplate output current means the cur-
rent output of the power supply as specified 
on the manufacturer’s label on the power 
supply housing (either DC or AC) or, if ab-
sent from the housing, as provided by the 
manufacturer. 

m. Nameplate output power means the power 
output of the power supply as specified on 
the manufacturer’s label on the power supply 
housing or, if absent from the housing, as 
specified in documentation provided by the 
manufacturer. 

n. Nameplate output voltage means the volt-
age output of the power supply as specified 
on the manufacturer’s label on the power 
supply housing (either DC or AC). 

o. No-load mode means the mode of oper-
ation when an external power supply is con-
nected to the main electricity supply and the 
output is (or ‘‘all outputs are’’ for a mul-
tiple-voltage external power supply) not con-
nected to a load (or ‘‘loads’’ for a multiple- 
voltage external power supply). 

p. Off mode is the condition, applicable 
only to units with manual on-off switches, in 

which the external power supply is (1) con-
nected to the main electricity supply; (2) the 
output is not connected to any load; and (3) 
all manual on-off switches are turned off. 

q. Output bus means any of the outputs of 
the power supply to which loads can be con-
nected and from which power can be drawn, 
as opposed to signal connections used for 
communication. 

r. Single-voltage external AC–AC power sup-
ply means an external power supply that is 
designed to convert line voltage AC input 
into lower voltage AC output and is able to 
convert to only one AC output voltage at a 
time. 

s. Single-voltage external AC–DC power sup-
ply means an external power supply that is 
designed to convert line voltage AC input 
into lower-voltage DC output and is able to 
convert to only one DC output voltage at a 
time. 

t. Standby mode means the condition in 
which the external power supply is in no- 
load mode and, for external power supplies 
with manual on-off switches, all such switch-
es are turned on. 

u. Switch-selectable single voltage external 
power supply means a single-voltage AC–AC 
or AC–DC power supply that allows users to 
choose from more than one output voltage. 

v. Total harmonic distortion, expressed as a 
percentage, is the RMS value of an AC signal 
after the fundamental component is removed 
and interharmonic components are ignored, 
divided by the RMS value of the fundamental 
component. THD of current is defined as: 

THD
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where In is the RMS value of the nth har-
monic of the current signal. 

w. True power factor (PF) is the ratio of the 
active power (P) consumed in watts to the 
apparent power (S), drawn in volt-amperes. 

PF
P

S
=

This definition of power factor includes the 
effect of both distortion and displacement. 

x. Unit under test is the external power sup-
ply being tested. 

3. Test Apparatus and General Instructions: 
(a) Single-Voltage External Power Supply. 

The test apparatus, standard testing condi-
tions, and instructions for testing external 
power supplies shall conform to the require-
ments specified in section 4, ‘‘General Condi-
tions for Measurement,’’ of the CEC’s ‘‘Test 
Method for Calculating the Energy Effi-
ciency of Single-Voltage External AC–DC 
and AC–AC Power Supplies,’’ August 11, 2004. 
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The test voltage specified in section 4.d, 
‘‘Test Voltage,’’ shall only be 115 volts, 60 Hz. 

(b) Multiple-Voltage External Power Sup-
ply. Unless otherwise specified, measure-
ments shall be made under test conditions 
and with equipment specified below. 

(i) Verifying Accuracy and Precision of 
Measuring Equipment 

(A) Measurements of power 0.5 W or great-
er shall be made with an uncertainty of ≤2 
percent at the 95 percent confidence level. 
Measurements of power less than 0.5 W shall 
be made with an uncertainty of ≤0.01 W at 
the 95 percent confidence level. The power 
measurement instrument shall have a reso-
lution of: 

(1) 0.01 W or better for measurements up to 
10 W; 

(2) 0.1 W or better for measurements of 10 
to 100 W; or 

(3) 1 W or better for measurements over 100 
W. 

(B) Measurements of energy (Wh) shall be 
made with an uncertainty of ≤2 percent at 
the 95 percent confidence level. Measure-
ments of voltage and current shall be made 
with an uncertainty of ≤1 percent at the 95 
percent confidence level. Measurements of 
temperature shall be made with an uncer-
tainty of ≤2 °C at the 95 percent confidence 
level. 

(C) All equipment used to conduct the tests 
must be selected and calibrated to ensure 
that measurements will meet the above un-
certainty requirements. For guidance on 
measuring low power levels, see IEC 62301, 
Section 5.3.2 and Annexes B and D (Reference 
for guidance only, see § 430.4). 

(ii) Setting Up the Test Room 

All tests shall be carried out in a room 
with an air speed immediately surrounding 
the UUT of ≤0.5 m/s. The ambient tempera-
ture shall be maintained at 20 °C ±5 °C 
throughout the test. There shall be no inten-
tional cooling of the UUT such as by use of 
separately powered fans, air conditioners, or 
heat sinks. The UUT shall be conditioned, 
rested, and tested on a thermally non-con-
ductive surface. A readily available material 
such as Styrofoam will be sufficient. 

(iii) Verifying the UUT’s Input Voltage and 
Input Frequency 

(A) If the UUT is intended for operation on 
AC line-voltage input in the United States, 
it shall be tested at 115 V at 60 Hz. If the 
UUT is intended for operation on AC line- 
voltage input but cannot be operated at 115 
V at 60 Hz, it shall not be tested. The input 
voltage shall be within ±1 percent of the 
above specified voltage. 

(B) If the input voltage is AC, the input 
frequency shall be within ±1 percent of the 
specified frequency. The THD of the input 
voltage shall be ≤2 percent, up to and includ-

ing the 13th harmonic. The crest factor of 
the input voltage shall be between 1.34 and 
1.49. 

4. Test Measurement: 
(a) Single-Voltage External Power Supply 
(i) Standby Mode and Active Mode Meas-

urement—The measurement of standby mode 
(also no-load mode) energy consumption and 
active mode efficiency shall conform to the 
requirements specified in section 5, ‘‘Meas-
urement Approach’’ of the CEC’s ‘‘Test 
Method for Calculating the Energy Effi-
ciency of Single-Voltage External Ac-Dc and 
Ac-Ac Power Supplies,’’ August 11, 2004, (in-
corporated by reference, see § 430.3). Switch- 
selectable single-voltage external power sup-
plies shall be tested twice—once at the high-
est nameplate output voltage and once at 
the lowest. 

(A) If the product has more than two out-
put wires, including those that are necessary 
for controlling the product, the manufac-
turer shall supply a connection diagram or 
test fixture that will allow the testing lab-
oratory to put the unit under test into active 
mode. 

(B) For those external power supplies that 
cannot sustain output at 100 percent loading 
condition, this efficiency metric shall not be 
included. For these external power supplies, 
the average efficiency is the average of the 
efficiencies measured at 25 percent, 50 per-
cent, and 75 percent of maximum load. 

(C) In the case where the external power 
supply lists both an instantaneous and con-
tinuous output current, it shall be tested at 
the continuous condition only. 

(ii) Off-Mode Measurement—If the external 
power supply unit under test incorporates 
manual on-off switches, the unit under test 
shall be placed in off mode, and its power 
consumption in off mode measured and re-
corded. The measurement of the off mode en-
ergy consumption shall conform to the re-
quirements specified in section 5, ‘‘Measure-
ment Approach,’’ of the CEC’s ‘‘Test Method 
for Calculating the Energy Efficiency of Sin-
gle-Voltage External Ac-Dc and Ac-Ac Power 
Supplies,’’ August 11, 2004 (incorporated by 
reference, see § 430.3), with two exceptions. In 
section 5.a, ‘‘Preparing UUT [Unit Under 
Test] for Test,’’ all manual on-off switches 
shall be placed in the ‘‘off’’ position for the 
measurement. In section 5.d, ‘‘Testing Se-
quence,’’ the technician shall consider the 
UUT stable if, over 5 minutes with samples 
taken at least once every second, the AC 
input power does not drift from the max-
imum value observed by more than 1 percent 
or 50 milliwatts, whichever is greater. The 
only loading condition that will be measured 
for off mode is ‘‘Load Condition 5’’ in Table 
1 of the CEC’s test procedure. Switch-select-
able single-voltage external power supplies 
shall have their off mode power consumption 
measured twice— once at the highest name-
plate output voltage and once at the lowest. 
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(b) Multiple-Voltage External Power Sup-
ply—Power supplies must be tested with the 
output cord packaged with the unit for sale 
to the consumer, as it is considered part of 
the unit under test. There are two options 
for connecting metering equipment to the 
output of this type of power supply: cut the 
cord immediately adjacent to the output 
connector or attach leads and measure the 
efficiency from the output connector itself. 
If the power supply is attached directly to 
the product that it is powering, cut the cord 
immediately adjacent to the powered prod-
uct and connect output measurement probes 
at that point. The tests should be conducted 
on the sets of output wires that constitute 
the output busses. If the product has addi-
tional wires, these should be left electrically 
disconnected unless they are necessary for 
controlling the product. In this case, the 
manufacturer shall supply a connection dia-
gram or test fixture that will allow the test-
ing laboratory to put the unit under test 
into active mode. 

(i) Standby-Mode and Active-Mode Meas-
urement—The measurement of the multiple- 
voltage external power supply standby mode 
(also no-load-mode) energy consumption and 
active-mode efficiency shall be as follows: 

(A) Loading conditions and testing se-
quence. (1) If the unit under test has on-off 
switches, all switches shall be placed in the 
‘‘on’’ position. Loading criteria for multiple- 
voltage external power supplies shall be 
based on nameplate output current and not 
on nameplate output power because output 
voltage might not remain constant. 

(2) The unit under test shall operate at 100 
percent of nameplate current output for at 
least 30 minutes immediately before con-
ducting efficiency measurements. 

(3) After this warm-up period, the techni-
cian shall monitor AC input power for a pe-
riod of 5 minutes to assess the stability of 
the unit under test. If the power level does 
not drift by more than 1 percent from the 
maximum value observed, the unit under 
test can be considered stable and measure-
ments can be recorded at the end of the 5- 
minute period. Measurements at subsequent 
loading conditions, listed in Table 1, can 
then be conducted under the same 5-minute 
stability guidelines. Only one warm-up pe-
riod of 30 minutes is required for each unit 
under test at the beginning of the test proce-
dure. 

(4) If AC input power is not stable over a 5- 
minute period, the technician shall follow 
the guidelines established by IEC Standard 
62301 for measuring average power or accu-
mulated energy over time for both input and 
output. (Reference for guidance only, see 
§ 430.4). 

(5) The unit under test shall be tested at 
the loading conditions listed in Table 1, de-
rated per the proportional allocation method 
presented in the following section. 

TABLE 1—LOADING CONDITIONS FOR UNIT 
UNDER TEST 

Loading Condition 1 ..... 100% of Derated Nameplate Out-
put Current ±2%. 

Loading Condition 2 ..... 75% of Derated Nameplate Output 
Current ±2%. 

Loading Condition 3 ..... 50% of Derated Nameplate Output 
Current ±2%. 

Loading Condition 4 ..... 25% of Derated Nameplate Output 
Current ±2%. 

Loading Condition 5 ..... 0%. 

(6) Input and output power measurements 
shall be conducted in sequence from Loading 
Condition 1 to Loading Condition 4, as indi-
cated in Table 1. For Loading Condition 5, 
the unit under test shall be placed in no-load 
mode, any additional signal connections to 
the unit under test shall be disconnected, 
and input power shall be measured. 

(B) Proportional allocation method for 
loading multiple-voltage external power sup-
plies. For power supplies with multiple volt-
age busses, defining consistent loading cri-
teria is difficult because each bus has its own 
nameplate output current. The sum of the 
power dissipated by each bus loaded to its 
nameplate output current may exceed the 
overall nameplate output power of the power 
supply. The following proportional alloca-
tion method must be used to provide con-
sistent loading conditions for multiple-volt-
age external power supplies. For additional 
explanation, please refer to section 6.1.1 of 
the California Energy Commission’s ‘‘Pro-
posed Test Protocol for Calculating the En-
ergy Efficiency of Internal Ac-Dc Power Sup-
plies Revision 6.2,’’ November 2007. 

(1) Consider a multiple-voltage power sup-
ply with N output busses, and nameplate 
output voltages V1, * * *, VN, corresponding 
output current ratings I1, * * *, IN, and a 
nameplate output power P. Calculate the de-
rating factor D by dividing the power supply 
nameplate output power P by the sum of the 
nameplate output powers of the individual 
output busses, equal to the product of bus 
nameplate output voltage and current IiVi, as 
follows: 

(2) If D ≥1, then loading every bus to its 
nameplate output current does not exceed 
the overall nameplate output power for the 
power supply. In this case, each output bus 
will simply be loaded to the percentages of 
its nameplate output current listed in Table 
1. However, if D <1, it is an indication that 
loading each bus to its nameplate output 
current will exceed the overall nameplate 
output power for the power supply. In this 
case, and at each loading condition, each 
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output bus will be loaded to the appropriate 
percentage of its nameplate output current 
listed in Table 1, multiplied by the derating 
factor D. 

(C) Minimum output current requirements. 
Depending on their application, some mul-
tiple-voltage power supplies may require a 
minimum output current for each output bus 
of the power supply for correct operation. In 
these cases, ensure that the load current for 
each output at Loading Condition 4 in Table 
1 is greater than the minimum output cur-
rent requirement. Thus, if the test method’s 
calculated load current for a given voltage 
bus is smaller than the minimum output cur-
rent requirement, the minimum output cur-
rent must be used to load the bus. This load 
current shall be properly recorded in any 
test report. 

(D) Test loads. Active loads such as elec-
tronic loads or passive loads such as rheo-
stats used for efficiency testing of the unit 
under test shall be able to maintain the re-
quired current loading set point for each out-
put voltage within an accuracy of ±0.5 per-
cent. If electronic load banks are used, their 
settings should be adjusted such that they 
provide a constant current load to the unit 
under test. 

(E) Efficiency calculation. Efficiency shall 
be calculated by dividing the measured ac-
tive output power of the unit under test at a 
given loading condition by the active AC 
input power measured at that loading condi-
tion. Efficiency shall be calculated at each 
Loading Condition (1, 2, 3, and 4, in Table 1) 
and be recorded separately. 

(F) Power consumption calculation. Power 
consumption of the unit under test at Load-
ing Conditions 1, 2, 3, and 4 is the difference 
between the active output power at that 
Loading Condition and the active AC input 
power at that Loading Condition. The power 
consumption of Loading Condition 5 (no- 
load) is equal to the AC active input power 
at that Loading Condition. 

(ii) Off Mode Measurement—If the mul-
tiple-voltage external power supply unit 
under test incorporates any on-off switches, 
the unit under test shall be placed in off 
mode and its power consumption in off mode 
measured and recorded. The measurement of 
the off mode energy consumption shall con-
form to the requirements specified in para-
graph (4)(b)(i) of this appendix. Note that the 
only loading condition that will be measured 
for off mode is ‘‘Loading Condition 5’’ in 
paragraph (A), ‘‘Loading conditions and test-
ing sequence’’, except that all manual on-off 
switches shall be placed in the off position 
for the measurement. 

[71 FR 71366, Dec. 8, 2006, as amended at 74 
FR 12066, Mar. 23, 2009; 74 FR 13334, Mar. 27, 
2009; 76 FR 31782, June 1, 2011] 

APPENDIX AA TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF FURNACE FANS 

NOTE: Any representation made after July 
2, 2014 for energy consumption of furnace 
fans must be based upon results generated 
under this test procedure. Upon the compli-
ance date(s) of any energy conservation 
standard(s) for furnace fans, use of the appli-
cable provisions of this test procedure to 
demonstrate compliance with the energy 
conservation standard will also be required. 

1. Scope. This appendix covers the test re-
quirements used to measure the energy con-
sumption of fans used in weatherized and 
non-weatherized gas furnaces, oil furnaces, 
electric furnaces, and modular blowers. 

2. Definitions. Definitions include the defi-
nitions as specified in section 3 of ASHRAE 
103–2007 (incorporated by reference, see 
§ 430.3) and the following additional defini-
tions, some of which supersede definitions 
found in ASHRAE 103–2007: 

2.1. Active mode means the condition in 
which the product in which the furnace fan 
is integrated is connected to a power source 
and circulating air through ductwork. 

2.2. Airflow-control settings are programmed 
or wired control system configurations that 
control a fan to achieve discrete, differing 
ranges of airflow—often designated for per-
forming a specific function (e.g., cooling, 
heating, or constant circulation)—without 
manual adjustment other than interaction 
with a user-operable control such as a ther-
mostat that meets the manufacturer speci-
fications for installed-use. For the purposes 
of this appendix, manufacturer specifications 
for installed-use shall be found in the prod-
uct literature shipped with the unit. 

2.3. ASHRAE 103–2007 means ANSI/ASHRAE 
Standard 103–2007, published in 2007 by 
ASHRAE, approved by the American Na-
tional Standards Institute (ANSI) on March 
25, 2008, and entitled ‘‘Method of Testing for 
Annual Fuel Utilization Efficiency of Resi-
dential Central Furnaces and Boilers’’. Only 
those sections of ASHRAE 103–2007 (incor-
porated by reference; see § 430.3) specifically 
referenced in this test procedure are part of 
this test procedure. In cases where there is a 
conflict, the language of the test procedure 
in this appendix takes precedence over 
ASHRAE 103–2007. 

2.4. ANSI/ASHRAE Standard 41.1–1986 (RA 
2006) means the test standard published in 
1986, approved by ANSI on February 18, 1987, 
reaffirmed in 2006, and entitled ‘‘Standard 
Method for Temperature Measurement’’ (in-
corporated by reference; see § 430.3). 

2.5. ASHRAE Standard 37–2009 means the 
test standard published in 2009 by ASHRAE 
entitled ‘‘Methods of Testing for Rating Uni-
tary Air-Conditioning and Heat Pump Equip-
ment’’ (incorporated by reference; see § 430.3). 
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2.6. Default airflow-control settings are the 
airflow-control settings specified for in-
stalled-use by the manufacturer. For the 
purposes of this appendix, manufacturer 
specifications for installed-use are those 
specifications provided for typical consumer 
installations in the product literature 
shipped with the product in which the fur-
nace fan is installed. In instances where a 
manufacturer specifies multiple airflow-con-
trol settings for a given function to account 
for varying installation scenarios, the high-
est airflow-control setting specified for the 
given function shall be used for the proce-
dures specified in this appendix. 

2.7. External static pressure (ESP) means the 
difference between static pressures measured 
in the outlet duct and return air opening (or 
return air duct when used for testing) of the 
product in which the furnace fan is inte-
grated. 

2.8. Furnace fan means an electrically-pow-
ered device used in a consumer product for 
the purpose of circulating air through duct-
work. 

2.9. Modular blower means a product which 
only uses single-phase electric current, and 
which: 

(a) Is designed to be the principal air cir-
culation source for the living space of a resi-
dence; 

(b) Is not contained within the same cabi-
net as a furnace or central air conditioner; 
and 

(c) Is designed to be paired with HVAC 
products that have a heat input rate of less 
than 225,000 Btu per hour and cooling capac-
ity less than 65,000 Btu per hour. 

2.10. Off mode means the condition in which 
the product in which the furnace fan is inte-
grated either is not connected to the power 
source or is connected to the power source 
but not energized. 

2.11. Seasonal off switch means a switch on 
the product in which the furnace fan is inte-
grated that, when activated, results in a 
measurable change in energy consumption 
between the standby and off modes. 

2.12. Standby mode means the condition in 
which the product in which the furnace fan 
is integrated is connected to the power 
source, energized, but the furnace fan is not 
circulating air. 

2.13. Thermal stack damper means a type of 
stack damper that opens only during the di-
rect conversion of thermal energy of the 
stack gases. 

3. Classifications. Classifications are as 
specified in section 4 of ASHRAE 103–2007 (in-
corporated by reference, see § 430.3). 

4. Requirements. Requirements are as speci-
fied in section 5 of ASHRAE 103–2007 (incor-
porated by reference, see § 430.3). In addition, 
Fan Energy Rating (FER) of furnace fans 
shall be determined using test data and esti-
mated national average operating hours pur-
suant to section 10.10 of this appendix. 

5. Instruments. Instruments must be as 
specified in section 6, not including section 
6.2, of ASHRAE 103–2007 (incorporated by ref-
erence, see § 430.3); and as specified in section 
5.1 and 5.2 of this appendix. 

5.1. Temperature. Temperature measuring 
instruments shall meet the provisions speci-
fied in section 5.1 of ASHRAE 37–2009 (incor-
porated by reference, see § 430.3) and shall be 
accurate to within 0.75 degree Fahrenheit 
(within 0.4 degrees Celsius). 

5.1.1. Outlet Air Temperature Thermocouple 
Grid. Outlet air temperature shall be meas-
ured as described in section 8.2.1.5.5 of 
ASHRAE 103–2007 (incorporated by reference, 
see § 430.3) and illustrated in Figure 2 of 
ASHRAE 103–2007. Thermocouples shall be 
placed downstream of pressure taps used for 
external static pressure measurement. 

5.2. Humidity. Air humidity shall be meas-
ured with a relative humidity sensor that is 
accurate to within 5% relative humidity. Air 
humidity shall be measured as close as pos-
sible to the inlet of the product in which the 
furnace fan is installed. 

6. Apparatus. The apparatus used in con-
junction with the furnace during the testing 
shall be as specified in section 7 of ASHRAE 
103–2007 (incorporated by reference, see 
§ 430.3) except for section 7.1, the second 
paragraph of section 7.2.2.2, section 7.2.2.5, 
and section 7.7, and as specified in sections 
6.1, 6.2, 6.3,6.4, 6.5 and 6.6 of this appendix. 

6.1. General. The product in which the fur-
nace fan is integrated shall be installed in 
the test room in accordance with the product 
manufacturer’s written instructions that are 
shipped with the product unless required 
otherwise by a specific provision of this ap-
pendix. The apparatus described in this sec-
tion is used in conjunction with the product 
in which the furnace fan is integrated. Each 
piece of the apparatus shall conform to ma-
terial and construction specifications and 
the reference standard cited. Test rooms con-
taining equipment shall have suitable facili-
ties for providing the utilities necessary for 
performance of the test and be able to main-
tain conditions within the limits specified. 

6.2. Downflow furnaces. Install the internal 
section of vent pipe the same size as the flue 
collar for connecting the flue collar to the 
top of the unit, if not supplied by the manu-
facturer. Do not insulate the internal vent 
pipe during the jacket loss test (if con-
ducted) described in section 8.6 of ASHRAE 
103–2007 (incorporated by reference, see 
§ 430.3) or the steady-state test described in 
section 9.1 of ASHRAE 103–2007. Do not insu-
late the internal vent pipe before the cool- 
down and heat-up tests described in sections 
9.5 and 9.6, respectively, of ASHRAE 103–2007. 
If the vent pipe is surrounded by a metal 
jacket, do not insulate the metal jacket. In-
stall a 5-ft test stack of the same cross sec-
tional area or perimeter as the vent pipe 
above the top of the furnace. Tape or seal 
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around the junction connecting the vent pipe 
and the 5-ft test stack. Insulate the 5-ft test 
stack with insulation having a minimum R- 
value of 7 and an outer layer of aluminum 
foil. (See Figure 3–E of ASHRAE 103–2007.) 

6.3. Modular Blowers. A modular blower 
shall be equipped with the electric heat re-
sistance kit that is likely to have the largest 
volume of retail sales with that particular 
basic model of modular blower. 

6.4. Ducts and Plenums. Ducts and plenums 
shall be built to the geometrical specifica-
tions in section 7 of ASHRAE 103–2007. An ap-
paratus for measuring external static pres-
sure shall be integrated in the plenum and 
test duct as specified in sections 6.4, exclud-
ing specifications regarding the minimum 
length of the ducting and minimum distance 
between the external static pressure taps 
and product inlet and outlet, and 6.5 of 
ASHRAE 37–2009 (incorporated by reference, 
see § 430.3). External static pressure meas-
uring instruments shall be placed between 
the furnace openings and any restrictions or 
elbows in the test plenums or ducts. For all 
test configurations, external static pressure 
taps shall be placed 18 inches from the out-
let. 

6.4.1. For tests conducted using a return air 
duct. Additional external static pressure taps 
shall be placed 12 inches from the product 
inlet. Pressure shall be directly measured as 
a differential pressure as depicted in Figure 
8 of ASHRAE 37–2009 rather than determined 
by separately measuring inlet and outlet 
static pressure and subtracting the results. 

6.4.2. For tests conducted without a return air 
duct. External static pressure shall be di-
rectly measured as the differential pressure 
between the outlet duct static pressure and 
the ambient static pressure as depicted in 
Figure 7a of ASHRAE 37–2009. 

6.5. Air Filters. Air filters shall be removed. 
6.6. Electrical Measurement. Only electrical 

input power to the furnace fan (and electric 
resistance heat kit for electric furnaces and 
modular blowers) shall be measured for the 
purposes of this appendix. Electrical input 
power to the furnace fan and electric resist-
ance hate kit shall be sub-metered sepa-
rately. Electrical input power to all other 
electricity-consuming components of the 
product in which the furnace fan is inte-
grated shall not be included in the electrical 
input power measurements used in the FER 
calculation. If the procedures of this appen-
dix are being conducted at the same time as 
another test that requires metering of com-
ponents other than the furnace fan and elec-
tric resistance heat kit, the electrical input 
power to the furnace fan and electric resist-
ance heat kit shall be sub-metered sepa-
rately from one another and separately from 
other electrical input power measurements. 

7. Test Conditions. The testing conditions 
shall be as specified in section 8, not includ-
ing section 8.6.1.1, of ASHRAE 103–2007 (in-

corporated by reference, see § 430.3); and as 
specified in section 7.1 of this appendix. 

7.1. Measurement of Jacket Surface Tempera-
ture (optional). The jacket of the furnace or 
boiler shall be subdivided into 6-inch squares 
when practical, and otherwise into 36-square- 
inch regions comprising 4 in. x 9 in. or 3 in. 
x 12 in. sections, and the surface temperature 
at the center of each square or section shall 
be determined with a surface thermocouple. 
The 36-square-inch areas shall be recorded in 
groups where the temperature differential of 
the 36-square-inch area is less than 10 °F 
for temperature up to 100 °F above room 
temperature and less than 20 °F for tem-
perature more than 100 °F above room tem-
perature. For forced air central furnaces, the 
circulating air blower compartment is con-
sidered as part of the duct system and no 
surface temperature measurement of the 
blower compartment needs to be recorded for 
the purpose of this test. For downflow fur-
naces, measure all cabinet surface tempera-
tures of the heat exchanger and combustion 
section, including the bottom around the 
outlet duct, and the burner door, using the 36 
square-inch thermocouple grid. The cabinet 
surface temperatures around the blower sec-
tion do not need to be measured (see figure 3– 
E of ASHRAE 103–2007.) 

8. Test Procedure. Testing and measure-
ments shall be as specified in section 9 of 
ASHRAE 103–2007 (incorporated by reference, 
see § 430.3) except for sections 9.1.2.1, 9.3, 
9.5.1.1, 9.5.1.2.1, 9.5.1.2.2, 9.5.2.1, and section 
9.7.1; and as specified in sections 8.1 through 
8.6 of this appendix. 

8.1. Direct Measurement of Off-Cycle Losses 
Testing Method. [Reserved] 

8.2. Measurement of Electrical Standby and 
Off Mode Power. [Reserved] 

8.3. Steady-State Conditions for Gas and Oil 
Furnaces. Steady-state conditions are indi-
cated by an external static pressure within 
the range shown in Table 1 and a tempera-
ture variation in three successive readings, 
taken 15 minutes apart, of not more than 
any of the following: 

(a) 3 °F in the stack gas temperature for 
furnaces equipped with draft diverters; 

(b) 5 °F in the stack gas temperature for 
furnaces equipped with either draft hoods, 
direct exhaust, or direct vent systems; and 

(c) 1 °F in the flue gas temperature for 
condensing furnaces. 

8.4. Steady-state Conditions for Electric Fur-
naces and Modular Blowers. Steady-state con-
ditions are indicated by an external static 
pressure within the range shown in Table 1 
and a temperature variation of not more 
than 5 °F in the outlet air temperature in 
four successive temperature readings taken 
15 minutes apart. 

8.5. Steady-State Conditions for Cold Flow 
Tests. For tests during which the burner or 
electric heating elements are turned off (i.e., 
cold flow tests), steady-state conditions are 
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indicated by an external static pressure 
within the range shown in Table 1 and a vari-
ation in the difference between outlet tem-
perature and ambient temperature of not 
more than 3 °F in three successive tem-
perature readings taken 15 minutes apart. 

8.6. Fan Energy Rating (FER) Test. 
8.6.1. Initial FER test conditions and max-

imum airflow-control setting measurements. 
Measure the relative humidity (W) and dry 
bulb temperature (Tdb) of the test room. 

8.6.1.1. Furnace fans for which the maximum 
airflow-control setting is not a default heating 
airflow-control setting. The main burner or 
electric heating elements shall be turned off. 
Adjust the external static pressure to within 
the range shown in Table 1 by symmetrically 
restricting the outlet of the test duct. Main-
tain these settings until steady-state condi-
tions are attained as specified in section 8.3, 
8.4, and 8.5 of this appendix. Measure furnace 
fan electrical input power (EMax), external 
static pressure (ESPMax), and outlet air tem-
perature (TMax,Out). 

8.6.1.2. Furnace fans for which the maximum 
airflow-control setting is a default heating air-
flow-control setting. Adjust the main burner 
or electric heating element controls to the 
default heat setting designated for the max-
imum airflow-control setting. Burner adjust-
ments shall be made as specified by section 
8.4.1 of ASHRAE 103–2007 (incorporated by 
reference, see § 430.3). Adjust the furnace fan 
controls to the maximum airflow-control 
setting. Adjust the external static to within 
the range shown in Table 1 by symmetrically 
restricting the outlet of the test duct. Main-
tain these settings until steady-state condi-
tions are attained as specified in section 8.3, 
8.4, and 8.5 of this appendix and the tempera-
ture rise (DTMax) is at least 18 °F. Measure 
furnace fan electrical input power (EMax), fuel 
or electric resistance heat kit input energy 
(QIN, Max), external static pressure (ESPMax), 
steady-state efficiency for this setting 
(EffySS, Max) as specified in sections 11.2 and 
11.3 of ASHRAE 103–2007, outlet air tempera-
ture (TMax,Out), and temperature rise (DTMax) 

TABLE 1—REQUIRED MINIMUM EXTERNAL STAT-
IC PRESSURE IN THE MAXIMUM AIRFLOW-CON-
TROL SETTING BY INSTALLATION TYPE 

Installation type ESP (in. wc.) * 

Units with an internal, factory-installed evap-
orator coil ................................................... 0.50–0.55 

Units designed to be paired with an evapo-
rator coil, but without one installed ............ 0.65–0.70 

Mobile home .................................................. 0.30–0.35 

Once the specified ESP has been achieved, 
the same outlet duct restrictions shall be 
used for the remainder of the furnace fan 
test. 

8.6.2. Constant circulation airflow-control set-
ting measurements. The main burner or elec-
tric heating elements shall be turned off. 

The furnace fan controls shall be adjusted to 
the default constant circulation airflow-con-
trol setting. If the manufacturer does not 
specify a constant circulation airflow-con-
trol setting, the lowest airflow-control set-
ting shall be used. Maintain these settings 
until steady-state conditions are attained as 
specified in section 8.3, 8.4, and 8.5 of this ap-
pendix. Measure furnace fan electrical input 
power (ECirc) and external static pressure 
(ESPCirc). 

8.6.3. Heating airflow-control setting measure-
ments. For single-stage gas and oil furnaces, 
the burner shall be fired at the maximum 
heat input rate. For single-stage electric fur-
naces, the electric heating elements shall be 
energized at the maximum heat input rate. 
For multi-stage and modulating furnaces the 
reduced heat input rate settings shall be 
used. Burner adjustments shall be made as 
specified by section 8.4.1 of ASHRAE 103–2007 
(incorporated by reference, see § 430.3). After 
the burner is activated and adjusted or the 
electric heating elements are energized, the 
furnace fan controls shall be adjusted to op-
erate the fan in the default heat airflow-con-
trol setting. In instances where a manufac-
turer specifies multiple airflow-control set-
tings for a given function to account for 
varying installation scenarios, the highest 
airflow-control setting specified for the 
given function shall be used. High heat and 
reduced heat shall be considered different 
functions for multi-stage heating units. 
Maintain these settings until steady-state 
conditions are attained as specified in sec-
tion 8.3, 8.4, and 8.5 of this appendix and the 
temperature rise (DTHeat) is at least 18 °F. 
Measure furnace fan electrical input power 
(EHeat), external static pressure (ESPHeat), 
steady-state efficiency for this setting 
(EffySS) as specified in sections 11.2 and 11.3 
of ASHRAE 103–2007, outlet air temperature 
(THeat, Out) and temperature rise (DTHeat). 

9. Nomenclature. Nomenclature shall in-
clude the nomenclature specified in section 
10 of ASHRAE 103–2007 (incorporated by ref-
erence, see § 430.3) and the following addi-
tional variables: 

CH = annual furnace fan cooling hours 
CCH = annual furnace fan constant-circula-

tion hours 
ECirc = furnace fan electrical consumption at 

the default constant-circulation airflow- 
control setting (or minimum airflow-con-
trol setting operating point if a default 
constant-circulation airflow-control set-
ting is not specified), in watts 

EHeat = furnace fan electrical consumption in 
the default heat airflow-control setting for 
single-stage heating products or the de-
fault low-heat setting for multi-stage heat-
ing products, in watts 

EMax = furnace fan electrical consumption in 
the maximum airflow-control setting, in 
watts 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00583 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



574 

10 CFR Ch. II (1–1–15 Edition) Pt. 430, Subpt. B, App. AA 

ESPi = external static pressure, in inches 
water column, at time of the electrical 
power measurement in airflow-control set-
ting i, where i can be ‘‘Circ’’ to represent 
constant-circulation (or minimum airflow) 
mode, ‘‘Heat’’ to represent heating mode, 
or ‘‘Max’’ to represent cooling (or max-
imum airflow) mode. 

FER = fan energy rating, in watts/1000 cfm 
HH = annual furnace fan heating operating 

hours 
HCR = heating capacity ratio (nameplate re-

duced heat input capacity divided by 
nameplate maximum input heat capacity) 

kref = physical descriptor characterizing the 
reference system 

Tdb = dry bulb temperature of the test room, 
in °F 

Ti, In = inlet air temperature at time of the 
electrical power measurement, in °F, in 
airflow-control setting i, where i can be 
‘‘Circ’’ to represent constant-circulation 
(or minimum airflow) mode, ‘‘Heat’’ to rep-
resent heating mode, or ‘‘Max’’ to rep-
resent maximum airflow (typically des-
ignated for cooling) mode 

Ti, Out = average outlet air temperature as 
measured by the outlet thermocouple grid 
at time of the electrical power measure-
ment, in °F, in airflow-control setting i, 
where i can be ‘‘Circ’’ to represent con-
stant-circulation (or minimum airflow) 
mode, ‘‘Heat’’ to represent heating mode, 

or ‘‘Max’’ to represent maximum airflow 
(typically designated for cooling) mode 

DTi = Ti, Out minus Ti, In, which is the air 
throughput temperature rise in setting i, 
in °F 

Qi = airflow in airflow-control setting i, in 
cubic feet per minute (CFM) 

QIN,i = for electric furnaces and modular 
blowers, the measured electrical input 
power to the electric resistance heat kit at 
specified operating conditions i in kW. For 
gas and oil furnaces, measured fuel energy 
input rate, in Btu/h, at specified operating 
conditions i based on the fuel’s high heat-
ing value determined as required in section 
8.2.1.3 or 8.2.2.3 of ASHRAE 103–2007, where 
i can be ‘‘Max’’ for the maximum heat set-
ting or ‘‘R’’ for the reduced heat setting. 

W = humidity ratio in pounds water vapor 
per pounds dry air 

vair = specific volume of dry air at specified 
operating conditions per the equations in 
the psychrometric chapter in 2001 ASHRAE 
Handbook—Fundamentals in lb/ft3 

10. Calculation of derived results from test 
measurements for a single unit. Calculations 
shall be as specified in section 11 of ASHRAE 
103–2007 (incorporated by reference, see 
§ 430.3), except for appendices B and C; and as 
specified in sections 10.1 through 10.10 and 
Figure 1 of this appendix. 

10.1. Fan Energy Rating (FER) 

Where: Qmax = Qheat for products for which the max-
imum airflow-control setting is a default 
heat setting, or 

for products for which the maximum air-
flow control setting is only designated for 
cooling; and 
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The estimated national average operating 
hours presented in Table IV.2 shall be used 
to calculate FER. 

TABLE IV.2—ESTIMATED NATIONAL AVERAGE OPERATING HOUR VALUES FOR CALCULATING FER 

Operating mode Variable Single-stage 
(hours) 

Multi-stage or modu-
lating 

(hours) 

Heating ...................................................... HH ............................................................. 830 830/HCR. 
Cooling ....................................................... CH ............................................................. 640 640. 
Constant Circulation .................................. CCH ........................................................... 400 400. 

Where: 

[79 FR 521, Jan. 3, 2014] 

Subpart C—Energy and Water 
Conservation Standards 

§ 430.31 Purpose and scope. 

This subpart contains energy con-
servation standards and water con-
servation standards (in the case of fau-
cets, showerheads, water closets, and 
urinals) for classes of covered products 
that are required to be administered by 
the Department of Energy pursuant to 
the Energy Conservation Program for 
Consumer Products Other Than Auto-
mobiles under the Energy Policy and 
Conservation Act, as amended (42 
U.S.C. 6291 et seq.). 

[63 FR 13317, Mar. 18, 1998, as amended at 78 
FR 62993, Oct. 23, 2013] 

§ 430.32 Energy and water conserva-
tion standards and their compli-
ance dates. 

The energy and water (in the case of 
faucets, showerheads, water closets, 
and urinals) conservation standards for 
the covered product classes are: 

(a) Refrigerators/refrigerator-freezers/ 
freezers. These standards do not apply 
to refrigerators and refrigerator-freez-
ers with total refrigerated volume ex-
ceeding 39 cubic feet (1104 liters) or 
freezers with total refrigerated volume 
exceeding 30 cubic feet (850 liters). The 
energy standards as determined by the 
equations of the following table(s) 
shall be rounded off to the nearest kWh 
per year. If the equation calculation is 
halfway between the nearest two kWh 
per year values, the standard shall be 
rounded up to the higher of these val-
ues. 

The following standards remain in ef-
fect from July 1, 2001 until September 
15, 2014: 

Product class 

Energy standard 
equations for max-
imum energy use 

(kWh/yr) 

1. Refrigerators and refrigerator-freezers with manual defrost ........................................................................... 8.82AV + 248.4 
0.31av + 248.4 

2. Refrigerator-freezers—partial automatic defrost ............................................................................................. 8.82AV + 248.4 
0.31av + 248.4 

3. Refrigerator-freezers—automatic defrost with top-mounted freezer without through-the-door ice service 
and all-refrigerator—automatic defrost.

9.80AV + 276.0 
0.35av + 276.0 

4. Refrigerator-freezers—automatic defrost with side-mounted freezer without through-the-door ice service .. 4.91AV + 507.5 
0.17av + 507.5 

5. Refrigerator-freezers—automatic defrost with bottom-mounted freezer without through-the-door ice serv-
ice.

4.60AV + 459.0 
0.16av + 459.0 
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Product class 

Energy standard 
equations for max-
imum energy use 

(kWh/yr) 

6. Refrigerator-freezers—automatic defrost with top-mounted freezer with through-the-door ice service ......... 10.20AV + 356.0 
0.36av + 356.0 

7. Refrigerator-freezers—automatic defrost with side-mounted freezer with through-the-door ice service ....... 10.10AV + 406.0 
0.36av + 406.0 

8. Upright freezers with manual defrost .............................................................................................................. 7.55AV + 258.3 
0.27av + 258.3 

9. Upright freezers with automatic defrost .......................................................................................................... 12.43AV + 326.1 
0.44av + 326.1 

10. Chest freezers and all other freezers except compact freezers .................................................................. 9.88AV + 143.7 
0.35av + 143.7 

11. Compact refrigerators and refrigerator-freezers with manual defrost ........................................................... 10.70AV + 299.0 
0.38av + 299.0 

12. Compact refrigerator-freezer—partial automatic defrost ............................................................................... 7.00AV + 398.0 
0.25av + 398.0 

13. Compact refrigerator-freezers—automatic defrost with top-mounted freezer and compact all-refrig-
erator—automatic defrost.

12.70AV + 355.0 
0.45av + 355.0 

14. Compact refrigerator-freezers—automatic defrost with side-mounted freezer ............................................. 7.60AV + 501.0 
0.27av + 501.0 

15. Compact refrigerator-freezers—automatic defrost with bottom-mounted freezer ........................................ 13.10AV + 367.0 
0.46av + 367.0 

16. Compact upright freezers with manual defrost ............................................................................................. 9.78AV + 250.8 
0.35av + 250.8 

17. Compact upright freezers with automatic defrost ......................................................................................... 11.40AV + 391.0 
0.40av + 391.0 

18. Compact chest freezers ................................................................................................................................ 10.45AV + 152.0 
0.37av + 152.0 

AV: Adjusted Volume in ft3; av: Adjusted Volume in liters (L). 

The following standards apply to products manufactured starting on September 
15, 2014: 

Product class 

Equations for maximum energy use 
(kWh/yr) 

Based on AV (ft3) Based on av (L) 

1. Refrigerator-freezers and refrigerators other than all-refrigerators with manual de-
frost.

7.99AV + 225.0 ... 0.282av + 225.0 

1A. All-refrigerators—manual defrost ................................................................................ 6.79AV + 193.6 ... 0.240av + 193.6 
2. Refrigerator-freezers—partial automatic defrost ........................................................... 7.99AV + 225.0 ... 0.282av + 225.0 
3. Refrigerator-freezers—automatic defrost with top-mounted freezer without an auto-

matic icemaker.
8.07AV + 233.7 ... 0.285av + 233.7 

3–BI. Built-in refrigerator-freezer—automatic defrost with top-mounted freezer without 
an automatic icemaker.

9.15AV + 264.9 ... 0.323av + 264.9 

3I. Refrigerator-freezers—automatic defrost with top-mounted freezer with an auto-
matic icemaker without through-the-door ice service.

8.07AV + 317.7 ... 0.285av + 317.7 

3I–BI. Built-in refrigerator-freezers—automatic defrost with top-mounted freezer with an 
automatic icemaker without through-the-door ice service.

9.15AV + 348.9 ... 0.323av + 348.9 

3A. All-refrigerators—automatic defrost ............................................................................ 7.07AV + 201.6 ... 0.250av + 201.6 
3A–BI. Built-in All-refrigerators—automatic defrost .......................................................... 8.02AV + 228.5 ... 0.283av + 228.5 
4. Refrigerator-freezers—automatic defrost with side-mounted freezer without an auto-

matic icemaker.
8.51AV + 297.8 ... 0.301av + 297.8 

4–BI. Built-In Refrigerator-freezers—automatic defrost with side-mounted freezer with-
out an automatic icemaker.

10.22AV + 357.4 0.361av + 357.4 

4I. Refrigerator-freezers—automatic defrost with side-mounted freezer with an auto-
matic icemaker without through-the-door ice service.

8.51AV + 381.8 ... 0.301av + 381.8 

4I–BI. Built-In Refrigerator-freezers—automatic defrost with side-mounted freezer with 
an automatic icemaker without through-the-door ice service.

10.22AV + 441.4 0.361av + 441.4 

5. Refrigerator-freezers—automatic defrost with bottom-mounted freezer without an 
automatic icemaker.

8.85AV + 317.0 ... 0.312av + 317.0 

5–BI. Built-In Refrigerator-freezers—automatic defrost with bottom-mounted freezer 
without an automatic icemaker.

9.40AV + 336.9 ... 0.332av + 336.9 

5I. Refrigerator-freezers—automatic defrost with bottom-mounted freezer with an auto-
matic icemaker without through-the-door ice service.

8.85AV + 401.0 ... 0.312av + 401.0 

5I–BI. Built-In Refrigerator-freezers—automatic defrost with bottom-mounted freezer 
with an automatic icemaker without through-the-door ice service.

9.40AV + 420.9 ... 0.332av + 420.9 

5A. Refrigerator-freezer—automatic defrost with bottom-mounted freezer with through- 
the-door ice service.

9.25AV + 475.4 ... 0.327av + 475.4 

5A–BI. Built-in refrigerator-freezer—automatic defrost with bottom-mounted freezer 
with through-the-door ice service.

9.83AV + 499.9 ... 0.347av + 499.9 
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Product class 

Equations for maximum energy use 
(kWh/yr) 

Based on AV (ft3) Based on av (L) 

6. Refrigerator-freezers—automatic defrost with top-mounted freezer with through-the- 
door ice service.

8.40AV + 385.4 ... 0.297av + 385.4 

7. Refrigerator-freezers—automatic defrost with side-mounted freezer with through-the- 
door ice service.

8.54AV + 432.8 ... 0.302av + 432.8 

7–BI. Built-In Refrigerator-freezers—automatic defrost with side-mounted freezer with 
through-the-door ice service.

10.25AV + 502.6 0.362av + 502.6 

8. Upright freezers with manual defrost ............................................................................ 5.57AV + 193.7 ... 0.197av + 193.7 
9. Upright freezers with automatic defrost without an automatic icemaker ...................... 8.62AV + 228.3 ... 0.305av + 228.3 
9I. Upright freezers with automatic defrost with an automatic icemaker .......................... 8.62AV + 312.3 ... 0.305av + 312.3 
9–BI. Built-In Upright freezers with automatic defrost without an automatic icemaker .... 9.86AV + 260.9 ... 0.348av + 260.9 
9I–BI. Built-in upright freezers with automatic defrost with an automatic icemaker ......... 9.86AV + 344.9 ... 0.348av + 344.9 
10. Chest freezers and all other freezers except compact freezers ................................ 7.29AV + 107.8 ... 0.257av + 107.8 
10A. Chest freezers with automatic defrost ...................................................................... 10.24AV + 148.1 0.362av + 148.1 
11. Compact refrigerator-freezers and refrigerators other than all-refrigerators with 

manual defrost.
9.03AV + 252.3 ... 0.319av + 252.3 

11A.Compact all-refrigerators—manual defrost ................................................................ 7.84AV + 219.1 ... 0.277av + 219.1 
12. Compact refrigerator-freezers—partial automatic defrost ........................................... 5.91AV + 335.8 ... 0.209av + 335.8 
13. Compact refrigerator-freezers—automatic defrost with top-mounted freezer ............ 11.80AV + 339.2 0.417av + 339.2 
13I. Compact refrigerator-freezers—automatic defrost with top-mounted freezer with an 

automatic icemaker.
11.80AV + 423.2 0.417av + 423.2 

13A. Compact all-refrigerators—automatic defrost ........................................................... 9.17AV + 259.3 ... 0.324av + 259.3 
14. Compact refrigerator-freezers—automatic defrost with side-mounted freezer ........... 6.82AV + 456.9 ... 0.241av + 456.9 
14I. Compact refrigerator-freezers—automatic defrost with side-mounted freezer with 

an automatic icemaker.
6.82AV + 540.9 ... 0.241av + 540.9 

15. Compact refrigerator-freezers—automatic defrost with bottom-mounted freezer ...... 11.80AV + 339.2 0.417av + 339.2 
15I. Compact refrigerator-freezers—automatic defrost with bottom-mounted freezer 

with an automatic icemaker.
11.80AV + 423.2 0.417av + 423.2 

16. Compact upright freezers with manual defrost ........................................................... 8.65AV + 225.7 ... 0.306av + 225.7 
17. Compact upright freezers with automatic defrost ....................................................... 10.17AV + 351.9 0.359av + 351.9 
18. Compact chest freezers .............................................................................................. 9.25AV + 136.8 ... 0.327av + 136.8 

AV = Total adjusted volume, expressed in ft3, as determined in appendices A and B of subpart B of this part. 
av = Total adjusted volume, expressed in Liters. 

(b) Room air conditioners. 

Product class 

Energy efficiency 
ratio, effective from 

Oct. 1, 2000 to 
May 31, 2014 

Combined energy 
efficiency ratio, 
effective as of 
June 1, 2014 

1. Without reverse cycle, with louvered sides, and less than 6,000 Btu/h ............... 9.7 11.0 
2. Without reverse cycle, with louvered sides, and 6,000 to 7,999 Btu/h ................ 9.7 11.0 
3. Without reverse cycle, with louvered sides, and 8,000 to 13,999 Btu/h .............. 9.8 10.9 
4. Without reverse cycle, with louvered sides, and 14,000 to 19,999 Btu/h ............ 9.7 10.7 
5a. Without reverse cycle, with louvered sides, and 20,000 to 27,999 Btu/h .......... 8.5 9.4 
5b. Without reverse cycle, with louvered sides, and 28,000 Btu/h or more ............. 8.5 9.0 
6. Without reverse cycle, without louvered sides, and less than 6,000 Btu/h .......... 9.0 10.0 
7. Without reverse cycle, without louvered sides, and 6,000 to 7,999 Btu/h ........... 9.0 10.0 
8a. Without reverse cycle, without louvered sides, and 8,000 to 10,999 Btu/h ....... 8.5 9.6 
8b. Without reverse cycle, without louvered sides, and 11,000 to 13,999 Btu/h ..... 8.5 9.5 
9. Without reverse cycle, without louvered sides, and 14,000 to 19,999 Btu/h ....... 8.5 9.3 
10. Without reverse cycle, without louvered sides, and 20,000 Btu/h or more ........ 8.5 9.4 
11. With reverse cycle, with louvered sides, and less than 20,000 Btu/h ................ 9.0 9.8 
12. With reverse cycle, without louvered sides, and less than 14,000 Btu/h ........... 8.5 9.3 
13. With reverse cycle, with louvered sides, and 20,000 Btu/h or more .................. 8.5 9.3 
14. With reverse cycle, without louvered sides, and 14,000 Btu/h or more ............. 8.0 8.7 
15. Casement-Only ................................................................................................... 8.7 9.5 
16. Casement-Slider .................................................................................................. 9.5 10.4 

(c) Central air conditioners and heat 
pumps. The energy conservation stand-
ards defined in terms of the heating 
seasonal performance factor are based 
on Region IV, the minimum standard-

ized design heating requirement, and 
the sampling plan stated in § 429.16 of 
this chapter. 
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(1) Central air conditioners and cen-
tral air conditioning heat pumps manu-
factured on or after January 23, 2006, 
and before January 1, 2015, shall have 

Seasonal Energy Efficiency Ratio and 
Heating Seasonal Performance Factor 
no less than: 

Product class 
Seasonal energy 

efficiency ratio 
(SEER) 

Heating seasonal 
performance 
factor (HSPF) 

(i) Split-system air conditioners ......................................................................................... 13 
(ii) Split-system heat pumps .............................................................................................. 13 7.7 
(iii) Single-package air conditioners .................................................................................. 13 
(iv) Single-package heat pumps ....................................................................................... 13 7.7 
(v) Small-duct, high-velocity systems ................................................................................ 11 6.8 
(vi)(A) Space-constrained products—air conditioners ...................................................... 12 
(vi)(B) Space-constrained products—heat pumps ............................................................ 12 7.4 

(2) Central air conditioners and cen-
tral air conditioning heat pumps manu-
factured on or after January 1, 2015, 

shall have a Seasonal Energy Effi-
ciency Ratio and Heating Seasonal 
Performance Factor not less than: 

Product class 
Seasonal energy 

efficiency ratio 
(SEER) 

Heating seasonal 
performance 
factor (HSPF) 

(i) Split-system air conditioners ......................................................................................... 13 
(ii) Split-system heat pumps .............................................................................................. 14 8.2 
(iii) Single-package air conditioners .................................................................................. 14 
(iv) Single-package heat pumps ....................................................................................... 14 8.0 
(v) Small-duct, high-velocity systems ................................................................................ 12 7.2 
(vi)(A) Space-constrained products—air conditioners ...................................................... 12 
(vi)(B) Space-constrained products—heat pumps ............................................................ 12 7.4 

(3) In addition to meeting the appli-
cable requirements in paragraph (c)(2) 
of this section, products in product 
class (i) of that paragraph (i.e., split- 
system air conditioners) that are man-
ufactured on or after January 1, 2015, 
and installed in the States of Alabama, 
Arkansas, Delaware, Florida, Georgia, 
Hawaii, Kentucky, Louisiana, Mary-
land, Mississippi, North Carolina, Okla-
homa, South Carolina, Tennessee, 
Texas, or Virginia, or in the District of 
Columbia, shall have a Seasonal En-
ergy Efficiency Ratio not less than 14. 

(4) In addition to meeting the appli-
cable requirements in paragraphs (c)(2) 
of this section, products in product 
classes (i) and (iii) of paragraph (c)(2) 
(i.e., split-system air conditioners and 
single-package air conditioners) that 
are manufactured on or after January 
1, 2015, and installed in the States of 
Arizona, California, Nevada, or New 
Mexico shall have a Seasonal Energy 
Efficiency Ratio not less than 14 and 
have an Energy Efficiency Ratio (at a 
standard rating of 95 °F dry bulb out-
door temperature) not less than the 
following: 

Product class Energy efficiency 
ratio (EER) 

(i) Split-system rated cooling capacity less than 45,000 Btu/hr ......................................................................... 12.2 
(ii) Split-system rated cooling capacity equal to or greater than 45,000 Btu/hr ................................................. 11.7 
(iii) Single-package systems ............................................................................................................................... 11.0 

(5) Central air conditioners and cen-
tral air conditioning heat pumps manu-
factured on or after January 1, 2015, 

shall have an average off mode elec-
trical power consumption not more 
than the following: 
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Product class 
Average off mode 
power consump-

tion PW,OFF (watts) 

(i) Split-system air conditioners ........................................................................................................................... 30 
(ii) Split-system heat pumps ................................................................................................................................ 33 
(iii) Single-package air conditioners .................................................................................................................... 30 
(iv) Single-package heat pumps ......................................................................................................................... 33 
(v) Small-duct, high-velocity systems .................................................................................................................. 30 
(vi) Space-constrained air conditioners ............................................................................................................... 30 
(vii) Space-constrained heat pumps ................................................................................................................... 33 

(d) Water heaters. The energy factor 
of water heaters shall not be less than 

the following for products manufac-
tured on or after the indicated dates. 

Product class Energy factor as of January 
20, 2004 Energy factor as of April 16, 2015 

Gas-fired Water Heater ............ 0.67¥(0.0019 × Rated Stor-
age Volume in gallons).

For tanks with a Rated Storage Volume at or below 55 gal-
lons: EF = 0.675¥(0.0015 × Rated Storage Volume in gal-
lons). 

For tanks with a Rated Storage Volume above 55 gallons: 
EF = 0.8012¥(0.00078 × Rated Storage Volume in gallons). 

Oil-fired Water Heater .............. 0.59¥(0.0019 × Rated Stor-
age Volume in gallons).

EF = 0.68¥(0.0019 × Rated Storage Volume in gallons). 

Electric Water Heater ............... 0.97¥(0.00132 × Rated Stor-
age Volume in gallons).

For tanks with a Rated Storage Volume at or below 55 gal-
lons: EF = 0.960¥(0.0003 × Rated Storage Volume in gal-
lons). 

For tanks with a Rated Storage Volume above 55 gallons: 
EF = 2.057¥(0.00113 × Rated Storage Volume in gallons). 

Tabletop Water Heater ............. 0.93¥(0.00132 × Rated Stor-
age Volume in gallons).

EF = 0.93¥(0.00132 × Rated Storage Volume in gallons). 

Instantaneous Gas-fired Water 
Heater.

0.62¥(0.0019 × Rated Stor-
age Volume in gallons).

EF = 0.82¥(0.0019 × Rated Storage Volume in gallons). 

Instantaneous Electric Water 
Heater.

0.93¥(0.00132 × Rated Stor-
age Volume in gallons).

EF = 0.93¥(0.00132 × Rated Storage Volume in gallons). 

Note: The Rated Storage Volume equals the water storage capacity of a water heater, in gallons, as specified by the 
manufacturer. 

(e) Furnaces and boilers. (1) Furnaces. 
(i) The Annual Fuel Utilization Effi-
ciency (AFUE) of residential furnaces 
shall not be less than the following for 
non-weatherized gas furnaces manufac-

tured before November 19, 2015, non- 
weatherized oil furnaces manufactured 
before May 1, 2013, and weatherized fur-
naces manufactured before January 1, 
2015: 

Product class AFUE 
(percent) 1 

(A) Furnaces (excluding classes noted below) ......................................................................................................... 78 
(B) Mobile Home furnaces ........................................................................................................................................ 75 
(C) Small furnaces (other than those designed solely for installation in mobile homes) having an input rate of 

less than 45,000 Btu/hr.
(1) Weatherized (outdoor) ......................................................................................................................................... 78 
(2) Non-weatherized (indoor) .................................................................................................................................... 78 

1 Annual Fuel Utilization Efficiency, as determined in § 430.23(n)(2) of this part. 

(ii) The AFUE of residential furnaces 
shall not be less than the following 

starting on the compliance date indi-
cated in the table below: 

Product class AFUE 
(percent) 1 Compliance date 

(A) Non-weatherized gas furnaces (not including mobile home furnaces) .......... 80 November 19, 2015. 
(B) Mobile Home gas furnaces ............................................................................. 80 November 19, 2015. 
(C) Non-weatherized oil-fired furnaces (not including mobile home furnaces) .... 83 May 1, 2013. 
(D) Mobile Home oil-fired furnaces ....................................................................... 75 September 1, 1990. 
(E) Weatherized gas furnaces .............................................................................. 81 January 1, 2015. 
(F) Weatherized oil-fired furnaces ......................................................................... 78 January 1, 1992. 
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Product class AFUE 
(percent) 1 Compliance date 

(G) Electric furnaces ............................................................................................. 78 January 1, 1992. 

1 Annual Fuel Utilization Efficiency, as determined in § 430.23(n)(2) of this part. 

(iii) Furnaces manufactured on or 
after May 1, 2013, shall have an elec-
trical standby mode power consump-

tion(PW,SB) and electrical off mode 
power consumption (PW,OFF) not more 
than the following: 

Product class 
Maximum standby mode 

electrical power con-
sumption, PW,SB (watts) 

Maximum off mode elec-
trical power consump-

tion, PW,OFF (watts) 

(A) Non-weatherized oil-fired furnaces (including mobile home furnaces) ... 11 11 
(B) Electric furnaces ...................................................................................... 10 10 

(2) Boilers. (i) The AFUE of residen-
tial boilers manufactured before Sep-
tember 1, 2012, shall not be less than 
the following: 

Product class AFUE 1 
(percent) 

(A) Boilers (excluding gas steam) ....................... 80 
(B) Gas steam boilers ......................................... 75 

1 Annual Fuel Utilization Efficiency, as determined in 
§ 430.22(n)(2) of this part. 

(ii) Except as provided in paragraph 
(e)(2)(iv) of this section, the AFUE of 
residential boilers, manufactured on or 
after September 1, 2012, shall not be 
less than the following and must com-
ply with the design requirements as 
follows: 

Product class AFUE 1 
(percent) Design requirements 

(A) Gas-fired 
hot water 
boiler.

82 Constant burning pilot not per-
mitted. 

Automatic means for adjusting 
water temperature required 
(except for boilers equipped 
with tankless domestic water 
heating coils). 

(B) Gas-fired 
steam boiler.

80 Constant burning pilot not per-
mitted. 

(C) Oil-fired hot 
water boiler.

84 Automatic means for adjusting 
temperature required (ex-
cept for boilers equipped 
with tankless domestic water 
heating coils). 

(D) Oil-fired 
steam boiler.

82 None. 

(E) Electric hot 
water boiler.

None Automatic means for adjusting 
temperature required (ex-
cept for boilers equipped 
with tankless domestic water 
heating coils). 

1 Annual Fuel Utilization Efficiency, as determined in 
§ 430.22(n)(2) of this part. 

(iii) Automatic means for adjusting 
water temperature. (A) The automatic 
means for adjusting water temperature 

as required under paragraph (e)(2)(ii) of 
this section must automatically adjust 
the temperature of the water supplied 
by the boiler to ensure that an incre-
mental change in inferred heat load 
produces a corresponding incremental 
change in the temperature of water 
supplied. 

(B) For boilers that fire at a single 
input rate, the automatic means for 
adjusting water temperature require-
ment may be satisfied by providing an 
automatic means that allows the burn-
er or heating element to fire only when 
the means has determined that the in-
ferred heat load cannot be met by the 
residual heat of the water in the sys-
tem. 

(C) When there is no inferred heat 
load with respect to a hot water boiler, 
the automatic means described in this 
paragraph shall limit the temperature 
of the water in the boiler to not more 
than 140 degrees Fahrenheit. 

(D) A boiler for which an automatic 
means for adjusting water temperature 
is required shall be operable only when 
the automatic means is installed. 

(iv) A boiler that is manufactured to 
operate without any need for elec-
tricity or any electric connection, elec-
tric gauges, electric pumps, electric 
wires, or electric devices is not re-
quired to meet the AFUE or design re-
quirements applicable to the boiler re-
quirements of paragraph (e)(2)(ii) of 
this section, but must meet the re-
quirements of paragraph (e)(2)(i) of this 
section, as applicable. 

(f) Dishwashers. (1) The energy factor 
of dishwashers manufactured on or 
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after May 14, 1994, must not be less 
than: 

Product class 

Energy fac-
tor 

(cycles/ 
kWh) 

(i) Compact Dishwasher (capacity less than 
eight place settings plus six serving pieces 
as specified in ANSI/AHAM DW–1 [Incor-
porated by reference, see § 430.22] using 
the test load specified in section 2.7 of ap-
pendix C in subpart B) ................................... 0.62 

(ii) Standard Dishwasher (capacity equal to or 
greater than eight place settings plus six 
serving pieces as specified in ANSI/AHAM 
DW–1 [Incorporated by Reference, see 
§ 430.22] using the test load specified in 
section 2.7 of appendix C in subpart B) ........ 0.46 

(2) All dishwashers manufactured on 
or after January 1, 2010, shall meet the 
following standard— 

(i) Standard size dishwashers shall 
not exceed 355 kwh/year and 6.5 gallons 
per cycle. 

(ii) Compact size dishwashers shall 
not exceed 260 kwh/year and 4.5 gallons 
per cycle. 

(3) All dishwashers manufactured on 
or after May 30, 2013, shall meet the 
following standard— 

(i) Standard size dishwashers shall 
not exceed 307 kwh/year and 5.0 gallons 
per cycle. 

(ii) Compact size dishwashers shall 
not exceed 222 kwh/year and 3.5 gallons 
per cycle. 

(g) Clothes washers. (1) Clothes wash-
ers manufactured on or after January 
1, 2007 shall have a Modified Energy 
Factor no less than: 

Product class 
Modified energy 

factor 
(cu.ft./kWh/cycle) 

i. Top-loading, Compact (less than 1.6 ft3 
capacity).

0.65. 

ii. Top-loading, Standard (1.6 ft3 or 
greater capacity).

1.26. 

iii. Top-Loading, Semi-Automatic ............ Not Applicable.1 
iv. Front-loading ....................................... 1.26. 
v. Suds-saving ......................................... Not Applicable.1 

1 Must have an unheated rinse water option. 

(2) All top-loading or front-loading 
standard-size residential clothes wash-
ers manufactured on or after January 
1, 2011, and before March 7, 2015, shall 
meet the following standard— 

(i) A Modified Energy Factor of at 
least 1.26; and 

(ii) A Water Factor of not more than 
9.5. 

(3) Clothes washers manufactured on 
or after March 7, 2015, and before Janu-
ary 1, 2018, shall have an Integrated 
Modified Energy Factor no less than, 
and an Integrated Water Factor no 
greater than: 

Product class 
Integrated modified 

energy factor 
(cu.ft./kWh/cycle) 

Integrated water 
factor 

(gal/cycle/cu.ft.) 

i. Top-loading, Compact (less than 1.6 ft3 capacity) ............................................ 0.86 14.4 
ii. Top-loading, Standard (1.6 ft3 or greater capacity) .......................................... 1.29 8.4 
iii. Front-loading, Compact (less than 1.6 ft3 capacity) ......................................... 1.13 8.3 
iv. Front-loading, Standard (1.6 ft3 or greater capacity) ....................................... 1.84 4.7 

(4) Clothes washers manufactured on 
or after January 1, 2018 shall have an 
Integrated Modified Energy Factor no 

less than, and an Integrated Water 
Factor no greater than: 

Product class 
Integrated modified 

energy factor 
(cu.ft./kWh/cycle) 

Integrated water 
factor 

(gal/cycle/cu.ft.) 

i. Top-loading, Compact (less than 1.6 ft3 capacity) ............................................ 1.15 12.0 
ii. Top-loading, Standard (1.6 ft3 or greater capacity) .......................................... 1.57 6.5 
iii. Front-loading, Compact (less than 1.6 ft3 capacity) ......................................... 1.13 8.3 
iv. Front-loading, Standard (1.6 ft3 or greater capacity) ....................................... 1.84 4.7 

(h) Clothes dryers. (1) Gas clothes dry-
ers manufactured after January 1, 1988 
shall not be equipped with a constant 
burning pilot. 

(2) Clothes dryers manufactured on 
or after May 14, 1994 and before Janu-
ary 1, 2015, shall have an energy factor 
no less than: 
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Product class 
Energy 
factor 

(lbs/kWh) 

i. Electric, Standard (4.4 ft3 or greater capacity) 3.01 
ii. Electric, Compact (120V) (less than 4.4 ft3 

capacity) ......................................................... 3.13 
iii. Electric, Compact (240V) (less than 4.4 ft3 

capacity) ......................................................... 2.90 
iv. Gas ............................................................... 2.67 

(3) Clothes dryers manufactured on 
or after January 1, 2015, shall have a 
combined energy factor no less than: 

Product class 

Combined 
energy 
factor 

(lbs/kWh) 

i. Vented Electric, Standard (4.4 ft3 or greater 
capacity) ......................................................... 3.73 

Product class 

Combined 
energy 
factor 

(lbs/kWh) 

ii. Vented Electric, Compact (120V) (less than 
4.4 ft3 capacity) .............................................. 3.61 

iii. Vented Electric, Compact (240V) (less than 
4.4 ft3 capacity) .............................................. 3.27 

iv. Vented Gas ................................................... 3.30 
v. Ventless Electric, Compact (240V) (less than 

4.4 ft3 capacity) .............................................. 2.55 
vi. Ventless Electric, Combination Washer- 

Dryer .............................................................. 2.08 

(i) Direct heating equipment. (1) Vent-
ed home heating equipment manufac-
tured on or after January 1, 1990 and 
before April 16, 2013, shall have an an-
nual fuel utilization efficiency no less 
than: 

Product class 
Annual fuel utilization ef-

ficiency, Jan. 1, 1990 
(percent) 

1. Gas wall fan type up to 42,000 Btu/h ................................................................................................... 73 
2. Gas wall fan type over 42,000 Btu/h .................................................................................................... 74 
3. Gas wall gravity type up to 10,000 Btu/h ............................................................................................. 59 
4. Gas wall gravity type over 10,000 Btu/h up to 12, 000 Btu/h .............................................................. 60 
5. Gas wall gravity type over 12,000 Btu/h up to 15,000 Btu/h ............................................................... 61 
6. Gas wall gravity type over 15,000 Btu/h up to 19,000 Btu/h ............................................................... 62 
7. Gas wall gravity type over 19,000 Btu/h and up to 27,000 Btu/h ........................................................ 63 
8. Gas wall gravity type over 27,000 Btu/h and up to 46,000 Btu/h ........................................................ 64 
9. Gas wall gravity type over 46,000 Btu/h ............................................................................................... 65 
10. Gas floor up to 37,000 Btu/h .............................................................................................................. 56 
11. Gas floor over 37,000 Btu/h ................................................................................................................ 57 
12. Gas room up to 18,000 Btu/h ............................................................................................................. 57 
13. Gas room over 18,000 Btu/h up to 20,000 Btu/h ............................................................................... 58 
14. Gas room over 20,000 Btu/h up to 27,000 Btu/h ............................................................................... 63 
15. Gas room over 27,000 Btu/h up to 46,000 Btu/h ............................................................................... 64 
16. Gas room over 46,000 Btu/h .............................................................................................................. 65 

(2) Vented home heating equipment 
manufactured on or after April 16, 2013, 

shall have an annual fuel utilization ef-
ficiency no less than: 

Product class 
Annual fuel utilization ef-
ficiency, April 16, 2013 

(percent) 

Gas wall fan type up to 42,000 Btu/h ....................................................................................................... 75 
Gas wall fan type over 42,000 Btu/h ........................................................................................................ 76 
Gas wall gravity type up to 27,000 Btu/h .................................................................................................. 65 
Gas wall gravity type over 27,000 Btu/h up to 46,000 Btu/h .................................................................... 66 
Gas wall gravity type over 46,000 Btu/h ................................................................................................... 67 
Gas floor up to 37,000 Btu/h ..................................................................................................................... 57 
Gas floor over 37,000 Btu/h ...................................................................................................................... 58 
Gas room up to 20,000 Btu/h ................................................................................................................... 61 
Gas room over 20,000 Btu/h up to 27,000 Btu/h ..................................................................................... 66 
Gas room over 27,000 Btu/h up to 46,000 Btu/h ..................................................................................... 67 
Gas room over 46,000 Btu/h ..................................................................................................................... 68 

(j) Cooking Products (1) Gas cooking 
products with an electrical supply cord 
manufactured on or after January 1, 
1990, shall not be equipped with a con-
stant burning pilot light. 

(2) Gas cooking products without an 
electrical supply cord manufactured on 
or after April 9, 2012, shall not be 
equipped with a constant burning pilot 
light. 
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(3) Microwave-only ovens and 
countertop convection microwave 
ovens manufactured on or after June 
17, 2016 shall have an average standby 
power not more than 1.0 watt. Built-in 
and over-the-range convection micro-
wave ovens manufactured on or after 
June 17, 2016 shall have an average 
standby power not more than 2.2 watts. 

(k) Pool heaters. (1) Gas-fired pool 
heaters manufactured on or after Janu-
ary 1, 1990 and before April 16, 2013, 
shall have a thermal efficiency not less 
than 78%. 

(2) Gas-fired pool heaters manufac-
tured on or after April 16, 2013, shall 
have a thermal efficiency not less than 
82%. 

(l) Television sets. [Reserved] 
(m)(1) Fluorescent lamp ballasts (other 

than specialty application mercury vapor 
lamp ballasts). Except as provided in 
paragraphs (m)(2), (m)(3), (m)(4), (m)(5), 
(m)(6), (m)(7), (m)(8), (m)(9), and (m)(10) 
of this section, each fluorescent lamp 
ballast— 

(i) (A) Manufactured on or after Jan-
uary 1, 1990; 

(B) Sold by the manufacturer on or 
after April 1, 1990; or 

(C) Incorporated into a luminaire by 
a luminaire manufacturer on or after 
April 1, 1991; and 

(ii) Designed— 
(A) To operate at nominal input 

voltages of 120 or 277 volts; 
(B) To operate with an input current 

frequency of 60 Hertz; and 
(C) For use in connection with an 

F40T12, F96T12, or F96T12HO lamps 
shall have a power factor of 0.90 or 
greater and shall have a ballast effi-
cacy factor not less than the following: 

Application for operation 
of 

Ballast 
input 

voltage 

Total 
nominal 

lamp 
watts 

Ballast 
efficacy 
factor 

One F40 T12 lamp ........ 120 
277 

40 
40 

1.805 
1.805 

Two F40 T12 lamps ...... 120 
277 

80 
80 

1.060 
1.050 

Two F96T12 lamps ....... 120 
277 

150 
150 

0.570 
0.570 

Two F96T12HO lamps .. 120 
277 

220 
220 

0.390 
0.390 

(2) The standards described in para-
graph (m)(1) of this section do not 
apply to— 

(i) A ballast that is designed for dim-
ming or for use in ambient tempera-
tures of 0 °F or less, or 

(ii) A ballast that has a power factor 
of less than 0.90 and is designed for use 
only in residential building applica-
tions. 

(3) Except as provided in paragraph 
(m)(4) of this section, each fluorescent 
lamp ballast— 

(i) (A) Manufactured on or after April 
1, 2005; 

(B) Sold by the manufacturer on or 
after July 1, 2005; or 

(C) Incorporated into a luminaire by 
a luminaire manufacturer on or after 
April 1, 2006; and 

(ii) Designed— 
(A) To operate at nominal input 

voltages of 120 or 277 volts; 
(B) To operate with an input current 

frequency of 60 Hertz; and 
(C) For use in connection with an 

F40T12, F96T12, or F96T12HO lamps; 
shall have a power factor of 0.90 or 
greater and shall have a ballast effi-
cacy factor not less than the following: 

Application of operation 
of 

Ballast 
input 

voltage 

Total 
nominal 

lamp 
watts 

Ballast 
efficacy 
factor 

One F40 T12 lamp ........ 120 
277 

40 
40 

2.29 
2.29 

Two F40 T12 lamps ...... 120 
277 

80 
80 

1.17 
1.17 

Two F96T12 lamps ....... 120 
277 

150 
150 

0.63 
0.63 

Two F96T12HO lamps .. 120 
277 

220 
220 

0.39 
0.39 

(4) (i) The standards described in 
paragraph (m)(3) do not apply to: 

(A) A ballast that is designed for 
dimming to 50 percent or less of its 
maximum output; 

(B) A ballast that is designed for use 
with two F96T12HO lamps at ambient 
temperatures of ¥20 °F or less and for 
use in an outdoor sign; 

(C) A ballast that has a power factor 
of less than 0.90 and is designed and la-
beled for use only in residential build-
ing applications; or 

(D) A replacement ballast as defined 
in paragraph (m)(4)(ii) of this section. 

(ii) For purposes of this paragraph 
(m), a replacement ballast is defined as 
a ballast that: 

(A) Is manufactured on or before 
June 30, 2010; 
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(B) Is designed for use to replace an 
existing ballast in a previously in-
stalled luminaire; 

(C) Is marked ‘‘FOR REPLACEMENT 
USE ONLY’’; 

(D) Is shipped by the manufacturer in 
packages containing not more than 10 
ballasts; 

(E) Has output leads that when fully 
extended are a total length that is less 
than the length of the lamp with which 
it is intended to be operated; and 

(F) Meets or exceeds the ballast effi-
cacy factor in the following table: 

Application for operation 
of 

Ballast 
input 

voltage 

Total 
nominal 

lamp 
watts 

Ballast 
efficacy 
factor 

One F40 T12 lamp ........ 120 
277 

40 
40 

1.805 
1.805 

Two F40 T12 lamps ...... 120 
277 

80 
80 

1.060 
1.050 

Two F96T12 lamps ....... 120 
277 

150 
150 

0.570 
0.570 

Two F96T12HO lamps .. 120 
277 

220 
220 

0.390 
0.390 

(5) Except as provided in paragraph 
(m)(7) of this section, each fluorescent 
lamp ballast (other than replacement 
ballasts defined in § 430.2)— 

(i)(A) Manufactured on or after July 
1, 2009; 

(B) Sold by the manufacturer on or 
after October 1, 2009; or 

(C) Incorporated into a luminaire by 
a luminaire manufacturer on or after 
July 1, 2010; and 

(ii) Designed— 
(A) To operate at nominal input 

voltages of 120 or 277 volts; 
(B) To operate with an input current 

frequency of 60 Hertz; and 
(C) For use in connection with F34T12 

lamps, F96T12/ES lamps, or F96T12HO/ 
ES lamps; shall have a power factor of 
0.90 or greater and shall have a ballast 
efficacy factor of not less than the fol-
lowing: 

Application for operation of Ballast input 
voltage 

Total nominal 
lamp watts 

Ballast efficacy 
factor 

One F34T12 lamp ............................................................................................. 120/277 34 2.61 
Two F34T12 lamps ........................................................................................... 120/277 68 1.35 
Two F96T12/ES lamps ...................................................................................... 120/277 120 0.77 
Two F96T12HO/ES lamps ................................................................................ 120/277 190 0.42 

(6) The standards in paragraph (m)(5) 
shall apply to all ballasts covered by 
paragraph (m)(5)(ii), including replace-
ment ballasts and ballasts described in 
paragraph (m)(7) of this section, that 
are manufactured on or after July 1, 
2010, or sold by the manufacturer on or 
after October 1, 2010. 

(7) The standards in paragraph (m)(5) 
do not apply to— 

(i) A ballast that is designed for dim-
ming to 50 percent or less of the max-
imum output of the ballast; 

(ii) A ballast that is designed for use 
with 2 F96T12HO lamps at ambient 
temperatures of 20 degrees F or less 
and for use in an outdoor sign; or 

(iii) A ballast that has a power factor 
of less than 0.90 and is designed and la-
beled for use only in residential appli-
cations. 

(8) Except as provided in paragraph 
(m)(9) of this section, each fluorescent 
lamp ballast— 

(i) Manufactured on or after Novem-
ber 14, 2014; 

(ii) Designed— 
(A) To operate at nominal input 

voltages at or between 120 and 277 
volts; 

(B) To operate with an input current 
frequency of 60 Hertz; and 

(C) For use in connection with fluo-
rescent lamps (as defined in § 430.2) 

(iii) Shall have— 
(A) A power factor of 0.9 or greater 

except for those ballasts defined in 
paragraph (m)(8)(iii)(B) of this section; 

(B) A power factor of 0.5 or greater 
for residential ballasts, which are de-
fined in (m)(8)(vi) of this section; 

(C) A ballast luminous efficiency not 
less than the following: 
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BLE = A/(1+B*average total lamp arc power ∧ ¥C) Where A, B, and C are as follows: 

Description A B C 

Instant start and rapid start ballasts (not classified as residential) that are designed to operate 0.993 0.27 0.25 
4-foot medium bipin lamps. 
2-foot U-shaped lamps. 
8-foot slimline lamps. 

Programmed start ballasts (not classified as residential) that are designed to operate ................ 0.993 0.51 0.37 
4-foot medium bipin lamps. 
2-foot U-shaped lamps. 
4-foot miniature bipin standard output lamps. 
4-foot miniature bipin high output lamps. 

Instant start and rapid start ballasts (not classified as sign ballasts) that are designed to oper-
ate 8-foot high output lamps. ....................................................................................................... 0.993 0.38 0.25 

Programmed start ballasts (not classified as sign ballasts) that are designed to operate 8-foot 
high output lamps. ....................................................................................................................... 0.973 0.70 0.37 

Sign ballasts that operate 8-foot high output lamps ....................................................................... 0.993 0.47 0.25 
Instant start and rapid start residential ballasts that operate ......................................................... 0.993 0.41 0.25 

4-foot medium bipin lamps. 
2-foot U-shaped lamps. 
8-foot slimline lamps. 

Programmed start residential ballasts that are designed to operate .............................................. 0.973 0.71 0.37 
4-foot medium bipin lamps. 
2-foot U-shaped lamps. 

(iv) Instant start, rapid start, and 
programmed start are defined in Ap-
pendix Q1 of subpart B of this part. Av-
erage total lamp arc power is as de-
fined and measured in accordance with 
Appendix Q1 of subpart B of this part. 

(v) Sign ballasts have an Under-
writers Laboratories Inc. Type 2 rating 
and are designed, labeled, and mar-
keted for use in outdoor signs. 

(vi) Residential ballasts meet FCC 
consumer limits as set forth in 47 CFR 
part 18 and are designed and labeled for 
use in residential applications. 

(9) The standards described in para-
graph (m)(8) of this section do not 
apply to: 

(i) A ballast that is designed for dim-
ming to 50 percent or less of the max-
imum output of the ballast except for 
those specified in m(10); and 

(ii) A low frequency ballast (as de-
fined in Appendix Q1 to subpart of this 
part) that: 

(A) Is designed to operate T8 diame-
ter lamps; 

(B) Is designed, labeled, and mar-
keted for use in EMI-sensitive environ-
ments only; 

(C) Is shipped by the manufacturer in 
packages containing 10 or fewer bal-
lasts; and 

(iii) A programmed start ballast that 
operates 4-foot medium bipin T8 lamps 
and delivers on average less than 140 
milliamperes to each lamp. 

(10) Each fluorescent lamp ballast— 
(i) Manufactured on or after Novem-

ber 14, 2014; 
(ii) Designed— 
(A) To operate at nominal input 

voltages of 120 or 277 volts; 
(B) To operate with an input current 

frequency of 60 Hertz; and 
(C) For use in connection with fluo-

rescent lamps (as defined in § 430.2); 
(D) For dimming to 50 percent or less 

of the maximum output of the ballast 
(iii) Shall have— 
(A) A power factor of 0.9 or greater 

except for those ballasts defined in 
paragraph (m)(8)(iii)(B) of this section; 

(B) A power factor of 0.5 or greater 
for residential ballasts, which meet 
FCC Part B consumer limits and are 
designed and labeled for use only in 
residential applications; 

(C) A ballast luminous efficiency of 
not less than the following: 

Designed for the operation of Ballast input 
voltage 

Total nominal 
lamp watts 

Ballast luminous efficiency 

Low frequency 
ballasts 

High frequency 
ballasts 

One F34T12 lamp ................................................. 120/277 34 0.777 0.778 
Two F34T12 lamps ............................................... 120/277 68 0.804 0.805 
Two F96T12/ES lamps ......................................... 120/277 120 0.876 0.884 
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Designed for the operation of Ballast input 
voltage 

Total nominal 
lamp watts 

Ballast luminous efficiency 

Low frequency 
ballasts 

High frequency 
ballasts 

Two F96T12HO/ES lamps .................................... 120/277 190 0.711 0.713 

(n) General service fluorescent lamps 
and incandescent reflector lamps. (1) Ex-
cept as provided in paragraphs (n)(2) 
and (n)(3) of this section, each of the 
following general service fluorescent 

lamps manufactured after the effective 
dates specified in the table shall meet 
or exceed the following lamp efficacy 
and CRI standards: 

Lamp type Nominal lamp 
wattage Minimum CRI 

Minimum 
average lamp 

efficacy 
(lm/W) 

Effective date 

4-foot medium bipin .................................... >35W 69 75.0 Nov. 1, 1995. 
≤35W 45 75.0 Nov. 1, 1995. 

2-foot U-shaped >35W 69 68.0 Nov. 1, 1995. 
8-foot slimline .............................................. ≤35W 45 64.0 Nov. 1, 1995. 

>65W 69 80.0 May 1, 1994. 
>65W 45 80.0 May 1, 1994. 

8-foot high output ........................................ >100W 69 80.0 May 1, 1994. 
≤100W 45 80.0 May 1, 1994. 

(2) The standards described in para-
graph (n)(1) of this section do not apply 
to: 

(i) Any 4-foot medium bipin lamp or 
2-foot U-shaped lamp with a rated 
wattage less than 28 watts; 

(ii) Any 8-foot high output lamp not 
defined in ANSI C78.81 (incorporated by 
reference; see § 430.3) or related supple-
ments, or not 0.800 nominal amperes; or 

(iii) Any 8-foot slimline lamp not de-
fined in ANSI C78.3 (incorporated by 
reference; see § 430.3). 

(3) Each of the following general 
service fluorescent lamps manufac-
tured after July 14, 2012, shall meet or 
exceed the following lamp efficacy 
standards shown in the table: 

Lamp type Correlated color temperature 

Minimum 
average 

lamp 
efficacy 
(lm/W) 

4-foot medium bipin ...................................................................... ≤4,500K .............................................................. 89 
>4,500K and ≤7,000K ........................................ 88 

2-foot U-shaped ............................................................................ ≤4,500K .............................................................. 84 
>4,500K and ≤7,000K ........................................ 81 

8-foot slimline ................................................................................ ≤4,500K .............................................................. 97 
>4,500K and ≤7,000K ........................................ 93 

8-foot high output .......................................................................... ≤4,500K .............................................................. 92 
>4,500K and ≤7,000K ........................................ 88 

4-foot miniature bipin standard output .......................................... ≤4,500K .............................................................. 86 
>4,500K and ≤7,000K ........................................ 81 

4-foot miniature bipin high output ................................................. ≤4,500K .............................................................. 76 
>4,500K and ≤7,000K ........................................ 72 

(4) Except as provided in paragraph 
(n)(5) of this section, each of the fol-
lowing incandescent reflector lamps 
manufactured after November 1, 1995, 
shall meet or exceed the lamp efficacy 
standards shown in the table: 

Nominal lamp wattage 

Minimum 
average lamp 

efficacy 
(lm/W) 

40–50 ....................................................... 10.5 
51–66 ....................................................... 11.0 
67–85 ....................................................... 12.5 
86–115 ..................................................... 14.0 
116–155 ................................................... 14.5 
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Nominal lamp wattage 

Minimum 
average lamp 

efficacy 
(lm/W) 

156–205 ................................................... 15.0 

(5) Each of the following incandes-
cent reflector lamps manufactured 
after July 14, 2012, shall meet or exceed 
the lamp efficacy standards shown in 
the table: 

Rated lamp wattage Lamp spectrum Lamp diameter 
(inches) Rated voltage 

Minimum 
average lamp 

efficacy 
(lm/W) 

40–205 ................................... Standard Spectrum ................................. >2.5 ≥125V 6.8*P0.27 
<125V 5.9*P0.27 

≤2.5 ≥125V 5.7*P0.27 
<125V 5.0*P0.27 

40–205 ................................... Modified Spectrum .................................. >2.5 ≤125V 5.8*P0.27 
<125V 5.0*P0.27 

≤2.5 ≥125V 4.9*P0.27 
<125V 4.2*P0.27 

Note 1: P is equal to the rated lamp wattage, in watts. 
Note 2: Standard Spectrum means any incandescent reflector lamp that does not meet the definition of modified spectrum in 

430.2. 

(6) (i)(A) Subject to the exclusions in 
paragraph (n)(6)(ii) of this section, the 
standards specified in this section shall 
apply to ER incandescent reflector 
lamps, BR incandescent reflector 
lamps, BPAR incandescent reflector 
lamps, and similar bulb shapes on and 
after January 1, 2008. 

(B) Subject to the exclusions in para-
graph (n)(6)(ii) of this section, the 
standards specified in this section shall 
apply to incandescent reflector lamps 
with a diameter of more than 2.25 
inches, but not more than 2.75 inches, 
on and after June 15, 2008. 

(ii) The standards specified in this 
section shall not apply to the following 
types of incandescent reflector lamps: 

(A) Lamps rated at 50 watts or less 
that are ER30, BR30, BR40, or ER40 
lamps; 

(B) Lamps rated at 65 watts that are 
BR30, BR40, or ER40 lamps; or 

(C) R20 incandescent reflector lamps 
rated 45 watts or less. 

(o) Faucets. The maximum water use 
allowed for any of the following faucets 
manufactured after January 1, 1994, 
when measured at a flowing water pres-
sure of 60 pounds per square inch (414 
kilopascals), shall be as follows: 

Faucet type 
Maximum flow rate 

(gpm (L/min)) or (gal/cycle (L/ 
cycle)) 

Lavatory faucets ................. 2.2 gpm (8.3 L/min) 1 2 
Lavatory replacement aera-

tors.
2.2 gpm (8.3 L/min) 

Kitchen faucets ................... 2.2 gpm (8.3 L/min) 
Kitchen replacement aera-

tors.
2.2 gpm (8.3 L/min) 

Faucet type 
Maximum flow rate 

(gpm (L/min)) or (gal/cycle (L/ 
cycle)) 

Metering faucets ................. 0.25 gal/cycle (0.95 L/cycle) 3 4 

NOTE: 
1 Sprayheads with independently-controlled orifices and 

manual controls. 
The maximum flow rate of each orifice that manually turns 

on or off shall not exceed the maximum flow rate for a lava-
tory faucet. 

2 Sprayheads with collectively controlled orifices and manual 
controls. 

The maximum flow rate of a sprayhead that manually turns 
on or off shall be the product of (a) the maximum flow rate for 
a lavatory faucet and (b) the number of component lavatories 
(rim space of the lavatory in inches (millimeters) divided by 20 
inches (508 millimeters)). 

3 Sprayheads with independently controlled orifices and me-
tered controls. 

The maximum flow rate of each orifice that delivers a pre- 
set volume of water before gradually shutting itself off shall 
not exceed the maximum flow rate for a metering faucet. 

4 Sprayheads with collectively-controlled orifices and me-
tered controls. 

The maximum flow rate of a sprayhead that delivers a pre- 
set volume of water before gradually shutting itself off shall be 
the product of (a) the maximum flow rate for a metering faucet 
and (b) the number of component lavatories (rim space of the 
lavatory in inches (millimeters) divided by 20 inches (508 
millimeters)). 

(p) Showerheads. The maximum water 
use allowed for any showerheads manu-
factured after January 1, 1994, shall be 
2.5 gallons per minute (9.5 liters per 
minute) when measured at a flowing 
pressure of 80 pounds per square inch 
gage (552 kilopascals). When used as a 
component of any such showerhead, 
the flow-restricting insert shall be me-
chanically retained at the point of 
manufacture such that a force of 8.0 
pounds force (36 Newtons) or more is 
required to remove the flow-restricting 
insert, except that this requirement 
shall not apply to showerheads for 
which removal of the flow-restricting 
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insert would cause water to leak sig-
nificantly from areas other than the 
spray face. 

(q) Water closets. (1) The maximum 
water use allowed in gallons per flush 
for any of the following water closets 
manufactured after January 1, 1994, 
shall be as follows: 

Water closet type 
Maximum 
flush rate 
(gpf (Lpf)) 

Gravity tank-type toilets ................................. 1.6 (6.0) 
Flushometer tank toilets ................................ 1.6 (6.0) 
Electromechanical hydraulic toilets ............... 1.6 (6.0) 
Blowout toilets ............................................... 3.5 (13.2) 

(2) The maximum water use allowed 
for flushometer valve toilets, other 
than blowout toilets, manufactured 
after January 1, 1997, shall be 1.6 gal-
lons per flush (6.0 liters per flush). 

(r) Urinals. The maximum water use 
allowed for any urinals manufactured 
after January 1, 1994, shall be 1.0 gal-
lons per flush (3.8 liters per flush). The 
maximum water use allowed for a 
trough-type urinal shall be the product 
of: 

(1) The maximum flow rate for a uri-
nal and 

(2) The length of the trough-type uri-
nal in inches (millimeter) divided by 16 
inches (406 millimeters). 

(s) Ceiling fans and ceiling fan light 
kits. (1) All ceiling fans manufactured 
on or after January 1, 2007, shall have 
the following features: 

(i) Fan speed controls separate from 
any lighting controls; 

(ii) Adjustable speed controls (either 
more than 1 speed or variable speed); 

(iii) The capability of reversible fan 
action, except for— 

(A) Fans sold for industrial applica-
tions; 

(B) Fans sold for outdoor applica-
tions; and 

(C) Cases in which safety standards 
would be violated by the use of the re-
versible mode. 

(2)(i) Ceiling fan light kits with me-
dium screw base sockets manufactured 
on or after January 1, 2007, shall be 

packaged with screw-based lamps to 
fill all screw base sockets. 

(ii) The screw-based lamps required 
under paragraph (2)(i) of this section 
shall— 

(A) Meet the ENERGY STAR Pro-
gram requirements for Compact Fluo-
rescent Lamps, version 3; or 

(B) Use light sources other than com-
pact fluorescent lamps that have 
lumens per watt performance at least 
equivalent to comparable configured 
compact fluorescent lamps meeting the 
energy conservation standards de-
scribed in paragraph (2)(ii)(A) of this 
section. 

(3) Ceiling fan light kits with pin- 
based sockets for fluorescent lamps 
manufactured on or after January 1, 
2007 shall— 

(i) Meet the ENERGY STAR Program 
Requirements for Residential Light 
Fixtures version 4.0 issued by the Envi-
ronmental Protection Agency; and 

(ii) Shall be packaged to include the 
lamps described in paragraph (s)(3)(i) of 
this section with the ceiling fan light 
kits to fill all sockets. 

(4) Ceiling fan light kits with socket 
types other than those covered in para-
graphs (2) and (3) of this section, in-
cluding candelabra screw base sockets, 
manufactured on or after January 1, 
2009— 

(i) Shall not be capable of operating 
with lamps that total more than 190 
watts; and 

(ii) Shall be packaged to include the 
lamps described in clause (i) with the 
ceiling fan light kits. 

(t) Torchieres. A torchiere manufac-
tured on or after January 1, 2006 shall: 

(1) Consume not more than 190 watts 
of power; and 

(2) Not be capable of operating with 
lamps that total more than 190 watts. 

(u) Medium Base Compact Fluorescent 
Lamps. A bare lamp and covered lamp 
(no reflector) medium base compact 
fluorescent lamp manufactured on or 
after January 1, 2006, shall meet the 
following requirements: 

Factor Requirements 

Lamp Power (Watts) & Configuration 1 ......... Minimum Efficacy: lumens/watt(Based upon initial lumen data). 2 

Bare Lamp: 
Lamp Power <15 ............................ 45.0. 
Lamp Power ≥15 ............................ 60.0. 
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Factor Requirements 

Covered Lamp (no reflector): 
Lamp Power <15 ............................ 40.0. 
15≥Lamp Power <19 ...................... 48.0. 
19≥Lamp Power <25 ...................... 50.0 
Lamp Power ≥25 ............................ 55.0. 

1,000-hour Lumen Maintenance ................... The average of at least 5 lamps must be a minimum 90.0% of initial (100-hour) 
lumen output @ 1,000 hours of rated life. 

Lumen Maintenance ..................................... 80.0% of initial (100-hour) rating at 40 percent of rated life (per ANSI C78.5 
Clause 4.10). 

Rapid Cycle Stress Test ............................... Per ANSI C78.5 and IESNA LM–65 (clauses 2,3,5, and 6). 
Exception: Cycle times must be 5 minutes on, 5 minutes off. Lamp will be cycled 

once for every two hours of rated life. At least 5 lamps must meet or exceed 
the minimum number of cycles. 

Average Rated Lamp Life ............................. ≥6,000 hours as declared by the manufacturer on packaging. At 80% of rated life, 
statistical methods may be used to confirm lifetime claims based on sampling 
performance. 

1 Take performance and electrical requirements at the end of the 100-hour aging period according to ANSI Standard C78.5. 
The lamp efficacy shall be the average of the lesser of the lumens per watt measured in the base up and/or other specified posi-
tions. Use wattages place on packaging to select proper specification efficacy in this table, not measured wattage. Labeled watt-
ages are for reference only. 

2 Efficacies are based on measured values for lumens and wattages from pertinent test data. Wattages and lumens placed on 
packages may not be used in calculation and are not governed by this specification. For multi-level or dimmable systems, meas-
urements shall be at the highest setting. Acceptable measurement error is ±3%. 

(v) Dehumidifiers. (1) Dehumidifiers 
manufactured on or after October 1, 
2007, shall have an energy factor that 
meets or exceeds the following values: 

Product capacity 
(pints/day) 

Minimum energy factor 
(liters/kWh) 

25.00 or less .................................. 1 .00 
25.01–35.00 ................................... 1 .20 
35.01–54.00 ................................... 1 .30 
54.01–74.99 ................................... 1 .50 
75.00 or more ................................ 2 .25 

(2) Dehumidifiers manufactured on or 
after October 1, 2012, shall have an en-
ergy factor that meets or exceeds the 
following values: 

Product capacity 
(pints/day) 

Minimum energy factor 
(liters/kWh) 

Up to 35.00 .................................... 1 .35 
35.01–45.00 ................................... 1 .50 
45.01–54.00 ................................... 1 .60 
54.01–75.00 ................................... 1 .70 
75.00 or more ................................ 2 .5 

(w) External power supplies. (1)(i) Ex-
cept as provided in paragraphs (w)(2) 
and (5) of this section, all Class A ex-
ternal power supplies manufactured on 
or after July 1, 2008, shall meet the fol-
lowing standards: 

Active Mode 

Nameplate output Required efficiency (decimal 
equivalent of a percentage) 

Less than 1 watt .................... 0.5 times the Nameplate out-
put. 

From 1 watt to not more than 
51 watts.

The sum of 0.09 times the 
Natural Logarithm of the 
Nameplate Output and 0.5. 

Greater than 51 watts ............ 0.85. 
Not more than 250 watts ....... 0.5 watts. 

(ii) Except as provided in paragraphs 
(w)(5), (w)(6), and (w)(7) of this section, 
all direct operation external power sup-
plies manufactured on or after Feb-
ruary 10, 2016, shall meet the following 
standards: 
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(2) A Class A external power supply 
shall not be subject to the standards in 
paragraph (w)(1)(i) of this section if the 
Class A external power supply is— 

(i) Manufactured during the period 
beginning on July 1, 2008, and ending 
on June 30, 2015, and 

(ii) Made available by the manufac-
turer as a service part or a spare part 
for an end-use product— 

(A) That constitutes the primary 
load; and 

(B) Was manufactured before July 1, 
2008. 

(3) The standards described in para-
graph (w)(1) of this section shall not 
constitute an energy conservation 
standard for the separate end-use prod-
uct to which the external power supply 
is connected. 

(4) Any external power supply subject 
to the standards in paragraph (w)(1) of 
this section shall be clearly and perma-
nently marked in accordance with the 
International Efficiency Marking Pro-
tocol for External Power Supplies (in-
corporated by reference; see § 430.3), 
published by the U.S. Department of 
Energy. 

(5) Non-application of no-load mode re-
quirements. The no-load mode energy ef-
ficiency standards established in para-
graph (w)(1) of this section shall not 
apply to an external power supply man-
ufactured before July 1, 2017, that— 

(i) Is an AC-to-AC external power 
supply; 

(ii) Has a nameplate output of 20 
watts or more; 

(iii) Is certified to the Secretary as 
being designed to be connected to a se-
curity or life safety alarm or surveil-
lance system component; and 

(iv) On establishment within the Ex-
ternal Power Supply International Ef-
ficiency Marking Protocol, as ref-
erenced in the ‘‘Energy Star Program 
Requirements for Single Voltage Ex-
ternal Ac-Dc and Ac-Ac Power Sup-
plies’’ (incorporated by reference, see 
§ 430.3), published by the Environ-
mental Protection Agency, of a distin-
guishing mark for products described 
in this clause, is permanently marked 
with the distinguishing mark. 

(6) An external power supply shall 
not be subject to the standards in para-
graph (w)(1) of this section if it is a de-
vice that requires Federal Food and 
Drug Administration (FDA) listing and 
approval as a medical device in accord-
ance with section 513 of the Federal 
Food, Drug, and Cosmetic Act (21 
U.S.C. 360(c)). 

(7) A direct operation, AC–DC exter-
nal power supply with nameplate out-
put voltage less than 3 volts and name-
plate output current greater than or 
equal to 1,000 milliamps that charges 
the battery of a product that is fully or 
primarily motor operated shall not be 
subject to the standards in paragraph 
(w)(1)(ii) of this section. 

(x) General service incandescent lamps, 
intermediate base incandescent lamps and 
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candelabra base incandescent lamps. (1) 
The energy conservation standards in 
this paragraph apply to general service 
incandescent lamps: 

(i) Intended for a general service or 
general illumination application 
(whether incandescent or not); 

(ii) Has a medium screw base or any 
other screw base not defined in ANSI 
C81.61 (incorporated by reference; see 
§ 430.3); and 

(iii) Is capable of being operated at a 
voltage at least partially within the 
range of 110 to 130 volts. 

(A) General service incandescent 
lamps manufactured after the effective 
dates specified in the tables below, ex-
cept as described in paragraph (x)(1)(B) 
of this section, shall have a color ren-
dering index greater than or equal to 80 
and shall have rated wattage no great-
er than and rated lifetime no less than 
the values shown in the table below: 

GENERAL SERVICE INCANDESCENT LAMPS 

Rated lumen ranges Maximum rate 
wattage Minimum rate life-time Effective date 

1490–2600 ....................................................... 72 1,000 hrs ......................................................... 1/1/2012 
1050–1489 ....................................................... 53 1,000 hrs ......................................................... 1/1/2013 
750–1049 ......................................................... 43 1,000 hrs ......................................................... 1/1/2014 
310–749 ........................................................... 29 1,000 hrs ......................................................... 1/1/2014 

(B) Modified spectrum general serv-
ice incandescent lamps manufactured 
after the effective dates specified shall 
have a color rendering index greater 

than or equal to 75 and shall have a 
rated wattage no greater than and 
rated lifetime no less than the values 
shown in the table below: 

MODIFIED SPECTRUM GENERAL SERVICE INCANDESCENT LAMPS 

Rated lumen ranges Maximum rate 
wattage Minimum rate life-time Effective date 

1118–1950 ....................................................... 72 1,000 hrs ......................................................... 1/1/2012 
788–1117 ......................................................... 53 1,000 hrs ......................................................... 1/1/2013 
563–787 ........................................................... 43 1,000 hrs ......................................................... 1/1/2014 
232–562 ........................................................... 29 1,000 hrs ......................................................... 1/1/2014 

(2) Each candelabra base incandes-
cent lamp shall not exceed 60 rated 
watts. 

(3) Each intermediate base incandes-
cent lamp shall not exceed 40 rated 
watts. 

(y) Residential furnace fans. Residen-
tial furnace fans incorporated in the 
products listed in Table 1 of this para-
graph and manufactured on and after 
July 3, 2019, shall have a fan energy 
rating (FER) value that meets or is 
less than the following values: 

TABLE 1—ENERGY CONSERVATION STANDARDS FOR COVERED RESIDENTIAL FURNACE FANS* 

Product class FER ** (Watts/cfm) 

Non-Weatherized, Non-Condensing Gas Furnace Fan (NWG–NC) ........................ FER = 0.044 × QMax + 182 
Non-Weatherized, Condensing Gas Furnace Fan (NWG–C) ................................... FER = 0.044 × QMax + 195 
Weatherized Non-Condensing Gas Furnace Fan (WG–NC) .................................... FER = 0.044 × QMax + 199 
Non-Weatherized, Non-Condensing Oil Furnace Fan (NWO–NC) ........................... FER = 0.071 × QMax + 382 
Non-Weatherized Electric Furnace/Modular Blower Fan (NWEF/NWMB) ............... FER = 0.044 × QMax + 165 
Mobile Home Non-Weatherized, Non-Condensing Gas Furnace Fan (MH–NWG– 

NC).
FER = 0.071 × QMax + 222 

Mobile Home Non-Weatherized, Condensing Gas Furnace Fan (MH–NWG–C) ..... FER = 0.071 × QMax + 240 
Mobile Home Electric Furnace/Modular Blower Fan (MH–EF/MB) .......................... FER = 0.044 × QMax + 101 
Mobile Home Non-Weatherized Oil Furnace Fan (MH–NWO) ................................. Reserved 
Mobile Home Weatherized Gas Furnace Fan (MH–WG) ** ...................................... Reserved 

* Furnace fans incorporated into hydronic air handlers, SDHV modular blowers, SDHV electric furnaces, and CAC/HP indoor 
units are not subject to the standards listed in this table. 

** QMax is the airflow, in cfm, at the maximum airflow-control setting measured using the final DOE test procedure at 10 CFR 
part 430, subpart B, appendix AA. 
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[54 FR 6077, Feb. 7, 1989] 

EDITORIAL NOTE: For FEDERAL REGISTER ci-
tations affecting § 430.32, see the List of CFR 
Sections Affected, which appears in the 
Finding Aids section of the printed volume 
and at www.fdsys.gov. 

EFFECTIVE DATE NOTE: At 79 FR 40586, July 
11, 2014, § 430.32 was amended by revising 
paragraph (d), effective July 13, 2015. For the 

convenience of the user, the revised text is 
set forth as follows: 

§ 430.32 Energy and water conservation 
standards and their compliance dates. 

* * * * * 

(d) Water heaters. The energy factor of 
water heaters shall not be less than the fol-
lowing for products manufactured on or after 
the indicated dates. 

Product class Storage volume Energy factor as of 
January 20, 2004 Energy factor as of April 16, 2015 

Gas-fired Storage Water 
Heater.

≥20 gallons and ≤100 
gallons.

0.67¥(0.0019 × Rated 
Storage Volume in 
gallons).

For tanks with a Rated Storage Volume at or 
below 55 gallons: EF = 0.675¥(0.0015 × 
Rated Storage Volume in gallons). For tanks 
with a Rated Storage Volume above 55 gal-
lons: EF = 0.8012¥(0.00078 × Rated Storage 
Volume in gallons). 

Oil-fired Storage Water 
Heater.

≤50 gallons ................... 0.59¥(0.0019 × Rated 
Storage Volume in 
gallons).

EF = 0.68¥(0.0019 × Rated Storage Volume in 
gallons). 

Electric Storage Water 
Heater.

≥20 gallons and ≤120 
gallons.

0.97¥(0.00132 × Rated 
Storage Volume in 
gallons).

For tanks with a Rated Storage Volume at or 
below 55 gallons: EF = 0.960¥(0.0003 × 
Rated Storage Volume in gallons). For tanks 
with a Rated Storage Volume above 55 gal-
lons: EF = 2.057¥(0.00113 × Rated Storage 
Volume in gallons). 

Tabletop Water Heater .. ≥20 gallons and ≤120 
gallons.

0.93¥(0.00132 × Rated 
Storage Volume in 
gallons).

EF = 0.93¥(0.00132 × Rated Storage Volume 
in gallons). 

Instantaneous Gas-fired 
Water Heater.

<2 gallons ..................... 0.62¥(0.0019 × Rated 
Storage Volume in 
gallons).

EF = 0.82¥(0.0019 × Rated Storage Volume in 
gallons). 

Instantaneous Electric 
Water Heater.

<2 gallons ..................... 0.93¥(0.00132 × Rated 
Storage Volume in 
gallons).

EF = 0.93¥(0.00132 × Rated Storage Volume 
in gallons). 

Note: The Rated Storage Volume equals the water storage capacity of a water heater, in gallons, as certified by the 
manufacturer. 

Exclusions: The energy conservation stand-
ards shown in this paragraph do not apply to 
the following types of water heaters: gas- 
fired, oil-fired, and electric water heaters at 
or above 2 gallons storage volume and below 
20 gallons storage volume; gas-fired water 
heaters above 100 gallons storage volume; 
oil-fired water heaters above 50 gallons stor-
age volume; electric water heaters above 120 
gallons storage volume; gas-fired instanta-
neous water heaters at or below 50,000 Btu/h. 

* * * * * 

§ 430.33 Preemption of State regula-
tions. 

(a) Any State regulation providing 
for any energy conservation standard, 
or water conservation standard (in the 
case of faucets, showerheads, water 
closets, and urinals), or other require-
ment with respect to the energy effi-
ciency, energy use, or water use (in the 
case of faucets, showerheads, water 

closets, or urinals) of a covered product 
that is not identical to a Federal 
standard in effect under this subpart is 
preempted by that standard, except as 
provided for in sections 325(i)(6)(A)(vi), 
327(b) and (c) of the Act. 

(b) No State regulation, or revision 
thereof, concerning the energy effi-
ciency, energy use, or water use of the 
covered product shall be effective with 
respect to such covered product, unless 
the State regulation or revision in the 
case of any portion of any regulation 
that establishes requirements for gen-
eral service incandescent lamps, inter-
mediate base incandescent lamps, or 
candelabra base lamps, was enacted or 
adopted by the State of California or 
Nevada before December 4, 2007, except 
that— 

(1) The regulation adopted by the 
California Energy Commission with an 
effective date of January 1, 2008, shall 
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only be effective until the effective 
date of the Federal standard for the ap-
plicable lamp category under para-
graphs (A), (B), and (C) of section 
325(i)(1) of EPCA; and 

(2) The States of California and Ne-
vada may, at any time, modify or 
adopt a State standard for general 
service lamps to conform with Federal 
standards with effective dates no ear-
lier than 12 months prior to the Fed-
eral effective dates prescribed under 
paragraphs (A), (B), and (C) of section 
325(i)(1) of EPCA, at which time any 
prior regulations adopted by the State 
of California or Nevada shall no longer 
be effective. 

[63 FR 13318, Mar. 18, 1998, as amended at 74 
FR 12070, Mar. 23, 2009; 78 FR 62993, Oct. 23, 
2013] 

§ 430.34 Energy and water conserva-
tion standards amendments 

The Department of Energy may not 
prescribe any amended standard which 
increases the maximum allowable en-
ergy use or, in the case of showerheads, 
faucets, water closets or urinals, the 
maximum allowable water use, or 
which decreases the minimum required 
energy efficiency of a covered product. 

[67 FR 36406, May 23, 2002] 

§ 430.35 Petitions with respect to gen-
eral service lamps. 

(a) Any person may petition the Sec-
retary for an exemption for a type of 
general service lamp from the require-
ments of this subpart. The Secretary 
may grant an exemption only to the 
extent that the Secretary finds, after a 
hearing and opportunity for public 
comment, that it is not technically 
feasible to serve a specialized lighting 
application (such as a military, med-
ical, public safety or certified historic 
lighting application) using a lamp that 
meets the requirements of this subpart. 
To grant an exemption for a product 
under this paragraph, the Secretary 
shall include, as an additional cri-
terion, that the exempted product is 
unlikely to be used in a general service 
lighting application. 

(b) Any person may petition the Sec-
retary to establish standards for lamp 
shapes or bases that are excluded from 
the definition of general service lamps. 
The petition shall include evidence 

that the availability or sales of ex-
empted lamps have increased signifi-
cantly since December 19, 2007. The 
Secretary shall grant a petition if the 
Secretary finds that: 

(1) The petition presents evidence 
that demonstrates that commercial 
availability or sales of exempted incan-
descent lamp types have increased sig-
nificantly since December 19, 2007 and 
are being widely used in general light-
ing applications; and 

(2) Significant energy savings could 
be achieved by covering exempted 
products, as determined by the Sec-
retary based on sales data provided to 
the Secretary from manufacturers and 
importers. 

[74 FR 12070, Mar. 23, 2009] 

APPENDIX A TO SUBPART C OF PART 
430—PROCEDURES, INTERPRETATIONS 
AND POLICIES FOR CONSIDERATION OF 
NEW OR REVISED ENERGY CONSERVA-
TION STANDARDS FOR CONSUMER 
PRODUCTS 

1. Objectives 
2. Scope 
3. Setting Priorities for Rulemaking Activ-

ity 
4. Process for Developing Efficiency Stand-

ards and Factors to be Considered 
5. Policies on Selection of Standards 
6. Effective Date of a Standard 
7. Test Procedures 
8. Joint Stakeholder Recommendations 
9. Principles for the Conduct of Engineering 

Analysis 
10. Principles for the Analysis of Impacts on 

Manufacturers 
11. Principles for the Analysis of Impacts on 

Consumers 
12. Consideration of Non-Regulatory Ap-

proaches 
13. Crosscutting Analytical Assumptions 
14. Deviations, Revisions, and Judicial Re-

view 

1. Objectives 

This appendix establishes procedures, in-
terpretations and policies to guide the DOE 
in the consideration and promulgation of 
new or revised appliance efficiency standards 
under the Energy Policy and Conservation 
Act (EPCA). The Department’s objectives in 
establishing these guidelines include: 

(a) Provide for early input from stakeholders. 
The Department seeks to provide opportuni-
ties for public input early in the rulemaking 
process so that the initiation and direction 
of rulemakings is informed by comment 
from interested parties. Under the guidelines 
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established by this appendix, DOE will seek 
early input from interested parties in setting 
rulemaking priorities and structuring the 
analyses for particular products. Interested 
parties will be invited to provide input for 
the selection of design options and will help 
DOE identify analysis, data, and modeling 
needs. DOE will gather input from interested 
parties through a variety of mechanisms, in-
cluding public workshops. 

(b) Increase predictability of the rulemaking 
timetable. The Department seeks to make in-
formed, strategic decisions about how to de-
ploy its resources on the range of possible 
standards development activities, and to an-
nounce these prioritization decisions so that 
all interested parties have a common expec-
tation about the timing of different rule-
making activities. The guidelines in this ap-
pendix provide for setting priorities and 
timetables for standards development and 
test procedure modification and reflect these 
priorities in the Regulatory Agenda. 

(c) Increase use of outside technical expertise. 
The Department seeks to expand its use of 
outside technical experts in evaluating prod-
uct-specific engineering issues to ensure that 
decisions on technical issues are fully in-
formed. The guidelines in this appendix pro-
vide for increased use of outside technical 
experts in developing, performing and re-
viewing the analyses. Draft analytical re-
sults will be distributed for peer and stake-
holder review. 

(d) Eliminate problematic design options early 
in the process. The Department seeks to 
eliminate from consideration, early in the 
process, any design options that present un-
acceptable problems with respect to 
manufacturability, consumer utility, or safe-
ty, so that the detailed analysis can focus 
only on viable design options. Under the 
guidelines in this appendix, DOE will elimi-
nate from consideration design options if it 
concludes that manufacture, installation or 
service of the design will be impractical, or 
that the design option will adversely affect 
the utility of the product, or if the design 
has adverse safety or health impacts. This 
screening will be done at the outset of a rule-
making. 

(e) Fully consider non-regulatory approaches. 
The Department seeks to understand the ef-
fects of market forces and voluntary pro-
grams on encouraging the purchase of energy 
efficient products so that the incremental 
impacts of a new or revised standard can be 
accurately assessed and the Department can 
make informed decisions about where stand-
ards and voluntary ‘‘market pull’’ programs 
can be used most effectively. Under the 
guidelines in this appendix, DOE will solicit 
information on the effectiveness of market 
forces and non-regulatory approaches for en-
couraging the purchase of energy efficient 
products, and will carefully consider this in-
formation in assessing the benefits of stand-

ards. In addition, DOE will continue to sup-
port voluntary efforts by manufacturers, re-
tailers, utilities and others to increase prod-
uct efficiency. 

(f) Conduct thorough analysis of impacts. In 
addition to understanding the aggregate 
costs and benefits of standards, the Depart-
ment seeks to understand the distribution of 
those costs and benefits among consumers, 
manufacturers and others, and the uncer-
tainty associated with these analyses of 
costs and benefits, so that any adverse im-
pacts on significant subgroups and uncer-
tainty concerning any adverse impacts can 
be fully considered in selecting a standard. 
Under the guidelines in this appendix, the 
analyses will consider the variability of im-
pacts on significant groups of manufacturers 
and consumers in addition to aggregate costs 
and benefits, report the range of uncertainty 
associated with these impacts, and take into 
account cumulative impacts of regulation on 
manufacturers. 

(g) Use transparent and robust analytical 
methods. The Department seeks to use quali-
tative and quantitative analytical methods 
that are fully documented for the public and 
that produce results that can be explained 
and reproduced, so that the analytical 
underpinnings for policy decisions on stand-
ards are as sound and well-accepted as pos-
sible. Under the guidelines in this appendix, 
DOE will solicit input from interested par-
ties in identifying analysis, data, and mod-
eling needs with respect to measurement of 
impacts on manufacturers and consumers. 

(h) Articulate policies to guide selection of 
standards. The Department seeks to adopt 
policies elaborating on the statutory criteria 
for selecting standards, so that interested 
parties are aware of the policies that will 
guide these decisions. Under the guidelines 
in this appendix, policies for screening de-
sign options, selecting candidate standard 
levels, selecting a proposed standard level, 
and establishing the final standard are estab-
lished. 

(i) Support efforts to build consensus on 
standards. The Department seeks to encour-
age development of consensus proposals for 
new or revised standards because standards 
with such broad-based support are likely to 
balance effectively the economic, energy, 
and environmental interests affected by 
standards. Under the guidelines in this ap-
pendix, DOE will support the development 
and submission of consensus recommenda-
tions for standards by representative groups 
of interested parties to the fullest extent 
possible. 

(j) Reduce time and cost of developing stand-
ards. The Department seeks to establish a 
clear protocol for initiating and conducting 
standards rulemakings in order to eliminate 
time-consuming and costly missteps. Under 
the guidelines in this appendix, increased 
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and earlier involvement by interested par-
ties and increased use of technical experts 
should minimize the need for re-analysis. 
This process should reduce the period be-
tween the publication of an Advance Notice 
of Proposed Rulemaking (ANOPR) and the 
publication of a final rule to not more than 
18 months, and should decrease the govern-
ment and private sector resources required 
to complete the standard development proc-
ess. 

2. Scope 

(a) The procedures, interpretations and 
policies described in this appendix will be 
fully applicable to: 

(1) Rulemakings concerning new or revised 
Federal energy conservation standards for 
consumer products initiated after August 14, 
1996, and 

(2) Rulemakings concerning new or revised 
Federal energy conservation standards for 
consumer products that have been initiated 
but for which a Notice of Proposed Rule-
making (NOPR) has not been published as of 
August 14, 1996. 

(b) For rulemakings described in paragraph 
(a)(2) of this section, to the extent analytical 
work has already been done or public com-
ment on an ANOPR has already been pro-
vided, such analyses and comment will be 
considered, as appropriate, in proceeding 
under the new process. 

(c) With respect to incomplete 
rulemakings concerning new or revised Fed-
eral energy conservation standards for con-
sumer products for which a NOPR was pub-
lished prior to August 14, 1996, the Depart-
ment will conduct a case-by-case review to 
decide whether any of the analytical or pro-
cedural steps already completed should be 
repeated. In any case, the approach described 
in this appendix will be used to the extent 
possible to conduct any analytical or proce-
dural steps that have not been completed. 

3. Setting Priorities for Rulemaking Activity 

(a) Priority-setting analysis and development 
of list of priorities. At least once a year, the 
Department will prepare an analysis of each 
of the factors identified in paragraph (d) of 
this section based on existing literature, di-
rect communications with interested parties 
and other experts, and other available infor-
mation. The results of this analysis will be 
used to develop rulemaking priorities and 
proposed schedules for the development and 
issuance of all rulemakings. The DOE anal-
ysis, priorities and proposed rulemaking 
schedules will be documented and distrib-
uted for review and comment. 

(b) Public review and comment. Each year, 
DOE will invite public input to review and 
comment on the priority analysis. 

(c) Issuance of final listing of rulemaking pri-
orities. Each fall, the Department will issue, 

simultaneously with the issuance of the Ad-
ministration’s Regulatory Agenda, a final 
set of rulemaking priorities, the accom-
panying analysis, and the schedules for all 
priority rulemakings that it anticipates 
within the next two years. 

(d) Factors for priority-setting. The factors 
to be considered by DOE in developing prior-
ities and establishing schedules for con-
ducting rulemakings will include: 

(1) Potential energy savings. 
(2) Potential economic benefits. 
(3) Potential environmental or energy se-

curity benefits. 
(4) Applicable deadlines for rulemakings. 
(5) Incremental DOE resources required to 

complete rulemaking process. 
(6) Other relevant regulatory actions af-

fecting products. 
(7) Stakeholder recommendations. 
(8) Evidence of energy efficiency gains in 

the market absent new or revised standards. 
(9) Status of required changes to test pro-

cedures. 
(10) Other relevant factors. 

4. Process for Developing Efficiency Standards 
and Factors to be Considered 

This section describes the process to be 
used in developing efficiency standards and 
the factors to be considered in the process. 
The policies of the Department to guide the 
selection of standards and the decisions pre-
liminary thereto are described in section 5. 

(a) Identifying and screening design options. 
Once the Department has initiated a rule-
making for a specific product but before pub-
lishing an ANOPR, DOE will identify the 
product categories and design options to be 
analyzed in detail, and identify those design 
options eliminated from further consider-
ation. Interested parties will be consulted to 
identify key issues, develop a list of design 
options, and to help the Department identify 
the expertise necessary to conduct the anal-
ysis. 

(1) Identification of issues for analysis. The 
Department, in consultation with interested 
parties, will identify issues that will be ex-
amined in the standards development proc-
ess. 

(2) Identification of experts and other inter-
ested parties for peer review. DOE, in consulta-
tion with interested parties, will identify a 
group of independent experts and other in-
terested parties who can provide expert re-
view of the results of the engineering anal-
ysis and the subsequent impact analysis. 

(3) Identification and screening of design op-
tions. In consultation with interested parties, 
the Department will develop a list of design 
options for consideration. Initially, the can-
didate design options will encompass all 
those technologies considered to be techno-
logically feasible. Following the develop-
ment of this initial list of design options, 
DOE will review each design option based on 
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the factors described in paragraph (a)(4) of 
this section and the policies stated in section 
5(b). The reasons for eliminating any design 
option at this stage of the process will be 
fully documented and published as part of 
the ANOPR. The technologically feasible de-
sign options that are not eliminated in this 
screening will be considered further in the 
Engineering Analysis described in paragraph 
(b) of this section. 

(4) Factors for screening of design options. 
The factors for screening design options in-
clude: 

(i) Technological feasibility. Technologies 
incorporated in commercial products or in 
working prototypes will be considered tech-
nologically feasible. 

(ii) Practicability to manufacture, install 
and service. If mass production of a tech-
nology in commercial products and reliable 
installation and servicing of the technology 
could be achieved on the scale necessary to 
serve the relevant market at the time of the 
effective date of the standard, then that 
technology will be considered practicable to 
manufacture, install and service. 

(iii) Adverse Impacts on Product Utility or 
Product Availability. 

(iv) Adverse Impacts on Health or Safety. 
(5) Selection of contractors. Using the speci-

fications of necessary contractor expertise 
developed in consultation with interested 
parties, DOE will select appropriate contrac-
tors, subcontractors, and as necessary, ex-
pert consultants to perform the engineering 
analysis and the impact analysis. 

(b) Engineering analysis of design options and 
selection of candidate standard levels. After de-
sign options are identified and screened, DOE 
will perform the engineering analysis and 
the benefit/cost analysis and select the can-
didate standard levels based on these anal-
yses. The results of the analyses will be pub-
lished in a Technical Support Document 
(TSD) to accompany the ANOPR. 

(1) Identification of engineering analytical 
methods and tools. DOE, in consultation with 
outside experts, will select the specific engi-
neering analysis tools (or multiple tools, if 
necessary to address uncertainty) to be used 
in the analysis of the design options identi-
fied as a result of the screening analysis. 

(2) Engineering and life-cycle cost analysis of 
design options. The DOE and its contractor 
will perform engineering and life-cycle cost 
analyses of the design options. 

(3) Review by expert group and stakeholders. 
The results of the engineering and life-cycle 
cost analyses will be distributed for review 
by experts and interested parties. If appro-
priate, a public workshop will be conducted 
to review these results. The analyses will be 
revised as appropriate on the basis of this 
input. 

(4) New information relating to the factors 
used for screening design options. If further in-
formation or analysis leads to a determina-

tion that a design option, or a combination 
of design options, has unacceptable impacts 
based on the policies stated in section 5(b), 
that design option or combination of design 
options will not be included in a candidate 
standard level. 

(5) Selection of candidate standard levels. 
Based on the results of the engineering and 
life-cycle cost analysis of design options and 
the policies stated in section 5(c), DOE will 
select the candidate standard levels for fur-
ther analysis. 

(c) Advance Notice of Proposed Rulemaking— 
(1) Documentation of decisions on candidate 
standard selection. (i) If the screening anal-
ysis indicates that continued development of 
a standard is appropriate, the Department 
will publish an ANOPR in the FEDERAL REG-
ISTER and will distribute a draft TSD con-
taining the analyses performed to this point. 
The ANOPR will specify candidate standard 
levels but will not propose a particular 
standard. The ANOPR will also include the 
preliminary analysis of consumer life-cycle 
costs, national net present value, and energy 
impacts for the candidate standard levels 
based on the engineering analysis. 

(ii) If the preliminary analysis indicates 
that no candidate standard level is likely to 
meet the criteria specified in law, that con-
clusion will be announced. In such cases, the 
Department may decide to proceed with a 
rulemaking that proposes not to adopt new 
or amended standards, or it may suspend the 
rulemaking and conclude that further action 
on such standards should be assigned a low 
priority under section 3. 

(2) Public comment and hearing. There will 
be 75 days for public comment on the ANOPR 
with at least one public hearing or work-
shop. 

(3) Revisions based on comments. Based on 
consideration of the comments received, any 
necessary changes to the engineering anal-
ysis or the candidate standard levels will be 
made. 

If major changes are required at this stage, 
interested parties and experts will be given 
an opportunity to review the revised anal-
ysis. 

(d) Analysis of impacts and selection of pro-
posed standard level. After the ANOPR, eco-
nomic analyses of the impacts of the can-
didate standard levels will be conducted. The 
Department will propose updated standards 
based on the results of the impact analysis. 

(1) Identification of issues for analysis. The 
Department, in consultation with interested 
parties, will identify issues that will be ex-
amined in the impacts analysis. 

(2) Identification of analytical methods and 
tools. DOE, in consultation with outside ex-
perts, will select the specific economic anal-
ysis tools (or multiple tools if necessary to 
address uncertainty) to be used in the anal-
ysis of the candidate standard levels. 
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(3) Analysis of impacts. DOE will conduct 
the analysis of the impacts of candidate 
standard levels including analysis of the fac-
tors described in paragraphs (d)(7)(ii)–(viii) of 
this section. 

(4) Review by expert group and stakeholders. 
The results of the analysis of impacts will be 
distributed for review by experts and inter-
ested parties. If appropriate, a public work-
shop will be conducted to review these re-
sults. The analysis will be revised as appro-
priate on the basis of this input. 

(5) Efforts to develop consensus among stake-
holders. If a representative group of inter-
ested parties undertakes to develop joint 
recommendations to the Department on 
standards, DOE will consider deferring its 
impact analysis until these discussions are 
completed or until participants in the efforts 
indicate that they are unable to reach a 
timely agreement. 

(6) Selection of proposed standard level based 
on analysis of impacts. On the basis of the 
analysis of the factors described in para-
graph (d)(7) of this section and the policies 
stated in section 5(e), DOE will select a pro-
posed standard level. 

(7) Factors to be considered in selecting a pro-
posed standard. The factors to be considered 
in selection of a proposed standard include: 

(i) Consensus stakeholder recommenda-
tions. 

(ii) Impacts on manufacturers. The anal-
ysis of manufacturer impacts will include: 
Estimated impacts on cash flow; assessment 
of impacts on manufacturers of specific cat-
egories of products and small manufacturers; 
assessment of impacts on manufacturers of 
multiple product-specific Federal regulatory 
requirements, including efficiency standards 
for other products and regulations of other 
agencies; and impact on manufacturing ca-
pacity, plant closures, and loss of capital in-
vestment. 

(iii) Impacts on consumers. The analysis of 
consumer impacts will include: Estimated 
impacts on consumers based on national av-
erage energy prices and energy usage; assess-
ments of impacts on subgroups of consumers 
based on major regional differences in usage 
or energy prices and significant variations in 
installation costs or performance; sensi-
tivity analyses using high and low discount 
rates and high and low energy price fore-
casts; consideration of changes to product 
utility and other impacts of likely concern 
to all or some consumers, based to the ex-
tent practicable on direct input from con-
sumers; estimated life-cycle cost with sensi-
tivity analysis; and consideration of the in-
creased first cost to consumers and the time 
required for energy cost savings to pay back 
these first costs. 

(iv) Impacts on competition. 
(v) Impacts on utilities. The analysis of 

utility impacts will include estimated mar-

ginal impacts on electric and gas utility 
costs and revenues. 

(vi) National energy, economic and em-
ployment impacts. The analysis of national 
energy, economic and employment impacts 
will include: Estimated energy savings by 
fuel type; estimated net present value of ben-
efits to all consumers; and estimates of the 
direct and indirect impacts on employment 
by appliance manufacturers, relevant service 
industries, energy suppliers and the economy 
in general. 

(vii) Impacts on the environment and en-
ergy security. The analysis of environmental 
and energy security impacts will include es-
timated impacts on emissions of carbon and 
relevant criteria pollutants, impacts on pol-
lution control costs, and impacts on oil use. 

(viii) Impacts of non-regulatory ap-
proaches. The analysis of energy savings and 
consumer impacts will incorporate an assess-
ment of the impacts of market forces and ex-
isting voluntary programs in promoting 
product efficiency, usage and related charac-
teristics in the absence of updated efficiency 
standards. 

(ix) New information relating to the fac-
tors used for screening design options. 

(e) Notice of Proposed Rulemaking—(1) Docu-
mentation of decisions on proposed standard se-
lection. The Department will publish a NOPR 
in the FEDERAL REGISTER that proposes 
standard levels and explains the basis for the 
selection of those proposed levels, and will 
distribute a draft TSD documenting the 
analysis of impacts. As required by § 325(p)(2) 
of EPCA, the NOPR also will describe the 
maximum improvement in energy efficiency 
or maximum reduction in energy use that is 
technologically feasible and, if the proposed 
standards would not achieve these levels, the 
reasons for proposing different standards. 

(2) Public comment and hearing. There will 
be 75 days for public comment on the NOPR, 
with at least one public hearing or work-
shop. 

(3) Revisions to impact analyses and selection 
of final standard. Based on the public com-
ments received and the policies stated in sec-
tion 5(f), DOE will review the proposed 
standard and impact analyses, and make 
modifications as necessary. If major changes 
to the analyses are required at this stage, in-
terested parties and experts will be given an 
opportunity to review the revised analyses. 

(f) Notice of Final Rulemaking. The Depart-
ment will publish a Notice of Final Rule-
making in the FEDERAL REGISTER that pro-
mulgates standard levels and explains the 
basis for the selection of those standards, ac-
companied by a final TSD. 

5. Policies on Selection of Standards. 

(a) Purpose. (1) Section 4 describes the 
process that will be used to consider new or 
revised energy efficiency standards and lists 
a number of factors and analyses that will be 
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considered at specified points in the process. 
Department policies co12467ncerning the se-
lection of new or revised standards, and deci-
sions preliminary thereto, are described in 
this section. 

These policies are intended to elaborate on 
the statutory criteria provided in section 325 
of the EPCA, 42 U.S.C. 6295. 

(2) The policies described below are in-
tended to provide guidance for making the 
determinations required by EPCA. This 
statement of policy is not intended to pre-
clude consideration of any information perti-
nent to the statutory criteria. The Depart-
ment will consider all pertinent information 
in determining whether a new or revised 
standard is consistent with the statutory 
criteria. Moreover, the Department will not 
be guided by a policy in this section if, in the 
particular circumstances presented, such a 
policy would lead to a result inconsistent 
with the criteria in section 325 of EPCA. 

(b) Screening design options. Section 4(a)(4) 
lists factors to be considered in screening de-
sign options. These factors will be considered 
as follows in determining whether a design 
option will receive any further consider-
ation: 

(1) Technological feasibility. Technologies 
that are not incorporated in commercial 
products or in working prototypes will not 
be considered further. 

(2) Practicability to manufacture, install and 
service. If it is determined that mass produc-
tion of a technology in commercial products 
and reliable installation and servicing of the 
technology could not be achieved on the 
scale necessary to serve the relevant market 
at the time of the effective date of the stand-
ard, then that technology will not be consid-
ered further. 

(3) Impacts on product utility to consumers. If 
a technology is determined to have signifi-
cant adverse impact on the utility of the 
product to significant subgroups of con-
sumers, or result in the unavailability of any 
covered product type with performance char-
acteristics (including reliability), features, 
sizes, capacities, and volumes that are sub-
stantially the same as products generally 
available in the U.S. at the time, it will not 
be considered further. 

(4) Safety of technologies. If it is determined 
that a technology will have significant ad-
verse impacts on health or safety, it will not 
be considered further. 

(c) Identification of candidate standard levels. 
Based on the results of the engineering and 
cost and benefit analyses of design options, 
DOE will identify the candidate standard 
levels for further analysis. Candidate stand-
ard levels will be selected as follows: 

(1) Costs and savings of design options. De-
sign options which have payback periods 
that exceed the average life of the product or 
which cause life-cycle cost increases relative 
to the base case, using typical fuel costs, 

usage and discount rates, will not be used as 
the basis for candidate standard levels. 

(2) Further information on factors used for 
screening design options. If further informa-
tion or analysis leads to a determination 
that a design option, or a combination of de-
sign options, has unacceptable impacts under 
the policies stated in paragraph (b) of this 
section, that design option or combination of 
design options will not be included in a can-
didate standard level. 

(3) Selection of candidate standard levels. 
Candidate standard levels, which will be 
identified in the ANOPR and on which im-
pact analyses will be conducted, will be 
based on the remaining design options. 

(i) The range of candidate standard levels 
will typically include: 

(A) The most energy efficient combination 
of design options; 

(B) The combination of design options with 
the lowest life-cycle cost; and 

(C) A combination of design options with a 
payback period of not more than three years. 

(ii) Candidate standard levels that incor-
porate noteworthy technologies or fill in 
large gaps between efficiency levels of other 
candidate standard levels also may be se-
lected. 

(d) Advance notice of proposed rulemaking. 
New information provided in public com-
ments on the ANOPR will be considered to 
determine whether any changes to the can-
didate standard levels are needed before pro-
ceeding to the analysis of impacts. This re-
view, and any appropriate adjustments, will 
be based on the policies in paragraph (c) of 
this section. 

(e) Selection of proposed standard. Based on 
the results of the analysis of impacts, DOE 
will select a standard level to be proposed for 
public comment in the NOPR. Section 4(d)(7) 
lists the factors to be considered in selecting 
a proposed standard level. Section 
325(o)(2)(A) of EPCA provides that any new 
or revised standard must be designed to 
achieve the maximum improvement in en-
ergy efficiency that is determined to be tech-
nologically feasible and economically justi-
fied. 

(1) Statutory policies. The fundamental poli-
cies concerning selection of standards are es-
tablished in the EPCA, including the fol-
lowing: 

(i) A candidate standard level will not be 
proposed or promulgated if the Department 
determines that it is not technologically fea-
sible and economically justified. See EPCA 
section 325(o)(3)(B). A standard level is eco-
nomically justified if the benefits exceed the 
burdens. See EPCA section 325(o)(2)(B)(i). A 
standard level is rebuttably presumed to be 
economically justified if the payback period 
is three years or less. See EPCA section 
325(o)(2)(B)(iii). 
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(ii) If the Department determines that a 
standard level is likely to result in the un-
availability of any covered product type with 
performance characteristics (including reli-
ability), features, sizes, capacities, and vol-
umes that are substantially the same as 
products generally available in the U.S. at 
the time, that standard level will not be pro-
posed. See EPCA section 325(o)(4). 

(iii) If the Department determines that a 
standard level would not result in significant 
conservation of energy, that standard level 
will not be proposed. See EPCA section 
325(o)(3)(B). 

(2) Selection of proposed standard on the basis 
of consensus stakeholder recommendations. De-
velopment of consensus proposals for new or 
revised standards is an effective mechanism 
for balancing the economic, energy, and en-
vironmental interests affected by standards. 
Thus, notwithstanding any other policy on 
selection of proposed standards, a consensus 
recommendation on an updated efficiency 
level submitted by a group that represents 
all interested parties will be proposed by the 
Department if it is determined to meet the 
statutory criteria. 

(3) Considerations in assessing economic jus-
tification. 

(i) The following policies will guide the ap-
plication of the economic justification cri-
terion in selecting a proposed standard: 

(A) If the Department determines that a 
candidate standard level would result in a 
negative return on investment for the indus-
try, would significantly reduce the value of 
the industry, or would cause significant ad-
verse impacts to a significant subgroup of 
manufacturers (including small manufac-
turing businesses), that standard level will 
be presumed not to be economically justified 
unless the Department determines that spe-
cifically identified expected benefits of the 
standard would outweigh this and any other 
expected adverse effects. 

(B) If the Department determines that a 
candidate standard level would be the direct 
cause of plant closures, significant losses in 
domestic manufacturer employment, or sig-
nificant losses of capital investment by do-
mestic manufacturers, that standard level 
will be presumed not to be economically jus-
tified unless the Department determines 
that specifically identified expected benefits 
of the standard would outweigh this and any 
other expected adverse effects. 

(C) If the Department determines that a 
candidate standard level would have a sig-
nificant adverse impact on the environment 
or energy security, that standard level will 
be presumed not to be economically justified 
unless the Department determines that spe-
cifically identified expected benefits of the 
standard would outweigh this and any other 
expected adverse effects. 

(D) If the Department determines that a 
candidate standard level would not result in 

significant energy conservation relative to 
non-regulatory approaches, that standard 
level will be presumed not to be economi-
cally justified unless the Department deter-
mines that other specifically identified ex-
pected benefits of the standard would out-
weigh the expected adverse effects. 

(E) If the Department determines that a 
candidate standard level is not consistent 
with the policies relating to practicability to 
manufacture, consumer utility, or safety in 
paragraphs (b) (2), (3) and (4) of this section, 
that standard level will be presumed not to 
be economically justified unless the Depart-
ment determines that specifically identified 
expected benefits of the standard would out-
weigh this and any other expected adverse 
effects. 

(F) If the Department determines that a 
candidate standard level is not consistent 
with the policies relating to consumer costs 
in paragraph (c)(1) of this section, that 
standard level will be presumed not to be 
economically justified unless the Depart-
ment determines that specifically identified 
expected benefits of the standard would out-
weigh this and any other expected adverse 
effects. 

(G) If the Department determines that a 
candidate standard level will have signifi-
cant adverse impacts on a significant sub-
group of consumers (including low-income 
consumers), that standard level will be pre-
sumed not to be economically justified un-
less the Department determines that specifi-
cally identified expected benefits of the 
standard would outweigh this and any other 
expected adverse effects. 

(H) If the Department or the Department 
of Justice determines that a candidate 
standard level would have significant anti-
competitive effects, that standard level will 
be presumed not to be economically justified 
unless the Department determines that spe-
cifically identified expected benefits of the 
standard would outweigh this and any other 
expected adverse effects. 

(ii) The basis for a determination that trig-
gers any presumption in paragraph (e)(3)(i) 
of this section and the basis for a determina-
tion that an applicable presumption has been 
rebutted will be supported by substantial 
evidence in the record and the evidence and 
rationale for making these determinations 
will be explained in the NOPR. 

(iii) If none of the policies in paragraph 
(e)(3)(i) of this section is found to be disposi-
tive, the Department will determine whether 
the benefits of a candidate standard level ex-
ceed the burdens considering all the perti-
nent information in the record. 

(f) Selection of a final standard. New infor-
mation provided in the public comments on 
the NOPR and any analysis by the Depart-
ment of Justice concerning impacts on com-
petition of the proposed standard will be con-
sidered to determine whether any change to 
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the proposed standard level is needed before 
proceeding to the final rule. The same poli-
cies used to select the proposed standard 
level, as described in section 5(e) above, will 
be used to guide the selection of the final 
standard level. 

6. Effective Date of a Standard 

The effective date for new or revised stand-
ards will be established so that the period be-
tween the publication of the final rule and 
the effective date is not less than any period 
between the dates for publication and effec-
tive date provided for in EPCA. The effective 
date of any revised standard will be estab-
lished so that the period between the effec-
tive date of the prior standard and the effec-
tive date of such revised standard is not less 
than period between the two effective dates 
provided for in EPCA. 

7. Test Procedures 

(a) Identifying the need to modify test proce-
dures. DOE, in consultation with interested 
parties, experts, and the National Institute 
of Standards and Technology, will attempt 
to identify any necessary modifications to 
established test procedures when initiating 
the standards development process. 

(b) Developing and proposing revised test pro-
cedures. Needed modifications to test proce-
dures will be identified in consultation with 
experts and interested parties early in the 
screening stage of the standards develop-
ment process. Any necessary modifications 
will be proposed before issuance of an 
ANOPR in the standards development proc-
ess. 

(c) Issuing final test procedure modification. 
Final, modified test procedures will be issued 
prior to the NOPR on proposed standards. 

(d) Effective date of modified test procedures. 
If required only for the evaluation and 
issuance of updated efficiency standards, 
modified test procedures typically will not 
go into effect until the effective date of up-
dated standards. 

8. Joint Stakeholder Recommendations 

(a) Joint recommendations. Consensus rec-
ommendations, and supporting analyses, 
submitted by a representative group of inter-
ested parties will be given substantial weight 
by DOE in the development of a proposed 
rule. See section 5(e)(2). If the supporting 
analyses provided by the group addresses all 
of the statutory criteria and uses valid eco-
nomic assumptions and analytical methods, 
DOE expects to use this supporting analyses 
as the basis of a proposed rule. The proposed 
rule will explain any deviations from the 
consensus recommendations from interested 
parties. 

(b) Breadth of participation. Joint rec-
ommendations will be of most value to the 
Department if the participants are reason-

ably representative of those interested in the 
outcome of the standards development proc-
ess, including manufacturers, consumers, 
utilities, states and representatives of envi-
ronmental or energy efficiency interest 
groups. 

(c) DOE support of consensus development, 
including impact analyses. In order to facili-
tate such consensus development, DOE will 
make available, upon request, appropriate 
technical and legal support to the group and 
will provide copies of all relevant public doc-
uments and analyses. The Department also 
will consider any requests for its active par-
ticipation in such discussions, recognizing 
that the procedural requirements of the Fed-
eral Advisory Committee Act may apply to 
such participation. 

9. Principles for the Conduct of Engineering 
Analysis 

(a) The purpose of the engineering analysis 
is to develop the relationship between effi-
ciency and cost of the subject product. The 
Department will use the most appropriate 
means available to determine the efficiency/ 
cost relationship, including an overall sys-
tem approach or engineering modeling to 
predict the improvement in efficiency that 
can be expected from individual design op-
tions as discussed in the paragraphs below. 
From this efficiency/cost relationship, meas-
ures such as payback, life cycle cost, and en-
ergy savings can be developed. The Depart-
ment, in consultation with interested par-
ties, will identify issues that will be exam-
ined in the engineering analysis and the 
types of specialized expertise that may be re-
quired. With these specifications, DOE will 
select appropriate contractors, subcontrac-
tors, and expert consultants, as necessary, to 
perform the engineering analysis and the im-
pact analysis. Also, the Department will con-
sider data, information and analyses re-
ceived from interested parties for use in the 
analysis wherever feasible. 

(b) The engineering analysis begins with 
the list of design options developed in con-
sultation with the interested parties as a re-
sult of the screening process. In consultation 
with the technology/industry expert peer re-
view group, the Department will establish 
the likely cost and performance improve-
ment of each design option. Ranges and un-
certainties of cost and performance will be 
established, although efforts will be made to 
minimize uncertainties by using measures 
such as test data or component or material 
supplier information where available. Esti-
mated uncertainties will be carried forward 
in subsequent analyses. The use of quan-
titative models will be supplemented by 
qualitative assessments as appropriate. 

(c) The next step includes identifying, 
modifying or developing any engineering 
models necessary to predict the efficiency 
impact of any one or combination of design 
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options on the product. A base case configu-
ration or starting point will be established 
as well as the order and combination/blend-
ing of the design options to be evaluated. 
The DOE, utilizing expert consultants, will 
then perform the engineering analysis and 
develop the cost efficiency curve for the 
product. The cost efficiency curve and any 
necessary models will be subject to peer re-
view before being issued with the ANOPR. 

10. Principles for the Analysis of Impacts on 
Manufacturers 

(a) Purpose. The purpose of the manufac-
turer analysis is to identify the likely im-
pacts of efficiency standards on manufactur-
ers. The Department will analyze the impact 
of standards on manufacturers with substan-
tial input from manufacturers and other in-
terested parties. The use of quantitative 
models will be supplemented by qualitative 
assessments by industry experts. This sec-
tion describes the principles that will be 
used in conducting future manufacturing im-
pact analysis. 

(b) Issue identification. In the impact anal-
ysis stage (section 4(d)), the Department, in 
consultation with interested parties, will 
identify issues that will require greater con-
sideration in the detailed manufacturer im-
pact analysis. Possible issues may include 
identification of specific types or groups of 
manufacturers and concerns over access to 
technology. Specialized contractor expertise, 
empirical data requirements, and analytical 
tools required to perform the manufacturer 
impact analysis also would be identified at 
this stage. 

(c) Industry characterization. Prior to initi-
ating detailed impact studies, the Depart-
ment will seek input on the present and past 
industry structure and market characteris-
tics. Input on the following issues will be 
sought: 

(1) Manufacturers and their relative mar-
ket shares; 

(2) Manufacturer characteristics, such as 
whether manufacturers make a full line of 
models or serve a niche market; 

(3) Trends in the number of manufacturers; 
(4) Financial situation of manufacturers; 
(5) Trends in product characteristics and 

retail markets; and 
(6) Identification of other relevant regu-

latory actions and a description of the na-
ture and timing of any likely impacts. 

(d) Cost impacts on manufacturers. The costs 
of labor, material, engineering, tooling, and 
capital are difficult to estimate, manufac-
turer-specific, and usually proprietary. The 
Department will seek input from interested 
parties on the treatment of cost issues. Man-
ufacturers will be encouraged to offer sug-
gestions as to possible sources of data and 
appropriate data collection methodologies. 
Costing issues to be addressed include: 

(1) Estimates of total cost impacts, includ-
ing product-specific costs (based on cost im-
pacts estimated for the engineering analysis) 
and front-end investment/conversion costs 
for the full range of product models. 

(2) Range of uncertainties in estimates of 
average cost, considering alternative designs 
and technologies which may vary cost im-
pacts and changes in costs of material, labor 
and other inputs which may vary costs. 

(3) Variable cost impacts on particular 
types of manufacturers, considering factors 
such as atypical sunk costs or characteris-
tics of specific models which may increase or 
decrease costs. 

(e) Impacts on product sales, features, prices 
and cost recovery. In order to make manufac-
turer cash flow calculations, it is necessary 
to predict the number of products sold and 
their sale price. This requires an assessment 
of the likely impacts of price changes on the 
number of products sold and on typical fea-
tures of models sold. Past analyses have re-
lied on price and shipment data generated by 
economic models. The Department will de-
velop additional estimates of prices and ship-
ments by drawing on multiple sources of 
data and experience including: actual ship-
ment and pricing experience, data from man-
ufacturers, retailers and other market ex-
perts, financial models, and sensitivity anal-
yses. The possible impacts of candidate 
standard levels on consumer choices among 
competing fuels will be explicitly considered 
where relevant. 

(f) Measures of impact. The manufacturer 
impact analysis will estimate the impacts of 
candidate standard levels on the net cash 
flow of manufacturers. Computations will be 
performed for the industry as a whole and for 
typical and atypical manufacturers. The 
exact nature and the process by which the 
analysis will be conducted will be deter-
mined by DOE, in conjunction with inter-
ested parties. Impacts to be analyzed in-
clude: 

(1) Industry net present value, with sensi-
tivity analyses based on uncertainty of 
costs, sales prices and sales volumes; 

(2) Cash flows, by year; 
(3) Other measures of impact, such as rev-

enue, net income and return on equity, as 
appropriate; 

The characteristics of atypical manufac-
turers worthy of special consideration will 
be determined in consultation with manufac-
turers and other interested parties and may 
include: manufacturers incurring higher or 
lower than average costs; and manufacturers 
experiencing greater or fewer adverse im-
pacts on sales. Alternative scenarios based 
on other methods of estimating cost or sales 
impacts also will be performed, as needed. 

(g) Cumulative impacts of other Federal regu-
latory actions. (1) The Department will recog-
nize and seek to mitigate the overlapping ef-
fects on manufacturers of new or revised 
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DOE standards and other regulatory actions 
affecting the same products. DOE will ana-
lyze and consider the impact on manufactur-
ers of multiple product-specific regulatory 
actions. These factors will be considered in 
setting rulemaking priorities, assessing 
manufacturer impacts of a particular stand-
ard, and establishing the effective date for a 
new or revised standard. In particular, DOE 
will seek to propose effective dates for new 
or revised standards that are appropriately 
coordinated with other regulatory actions to 
mitigate any cumulative burden. 

(2) If the Department determines that a 
proposed standard would impose a signifi-
cant impact on product manufacturers with-
in three years of the effective date of an-
other DOE standard that imposes significant 
impacts on the same manufacturers (or divi-
sions thereof, as appropriate), the Depart-
ment will, in addition to evaluating the im-
pact on manufacturers of the proposed stand-
ard, assess the joint impacts of both stand-
ards on manufacturers. 

(3) If the Department is directed to estab-
lish or revise standards for products that are 
components of other products subject to 
standards, the Department will consider the 
interaction between such standards in set-
ting rulemaking priorities and assessing 
manufacturer impacts of a particular stand-
ard. The Department will assess, as part of 
the engineering and impact analyses, the 
cost of components subject to efficiency 
standards. 

(h) Summary of quantitative and qualitative 
assessments. The summary of quantitative 
and qualitative assessments will contain a 
description and discussion of uncertainties. 
Alternative estimates of impacts, resulting 
from the different potential scenarios devel-
oped throughout the analysis, will be explic-
itly presented in the final analysis results. 

(i) Key modeling and analytical tools. In its 
assessment of the likely impacts of stand-
ards on manufacturers, the Department will 
use models which are clear and understand-
able, feature accessible calculations, and 
have assumptions that are clearly explained. 
As a starting point, the Department will use 
the Government Regulatory Impact Model 
(GRIM). The Department will consider any 
enhancements to the GRIM that are sug-
gested by interested parties. If changes are 
made to the GRIM methodology, DOE will 
provide notice and seek public input. The De-
partment will also support the development 
of economic models for price and volume 
forecasting. Research required to update key 
economic data will be considered. 

11. Principles for the Analysis of Impacts on 
Consumers 

(a) Early consideration of impacts on con-
sumer utility. The Department will consider 
at the earliest stages of the development of 
a standard whether particular design options 

will lessen the utility of the covered prod-
ucts to the consumer. See section 4(a). 

(b) Impacts on product availability. The De-
partment will determine, based on consider-
ation of information submitted during the 
standard development process, whether a 
proposed standard is likely to result in the 
unavailability of any covered product type 
with performance characteristics (including 
reliability), features, sizes, capacities, and 
volumes that are substantially the same as 
products generally available in the U.S. at 
the time. DOE will not promulgate a stand-
ard if it concludes that it would result in 
such unavailability. 

(c) Department of justice review. As required 
by law, the Department will solicit the views 
of the Justice Department on any lessening 
of competition that is likely to result from 
the imposition of a proposed standard and 
will give the views provided full consider-
ation in assessing economic justification of a 
proposed standard. In addition, DOE may 
consult with the Department of Justice at 
earlier stages in the standards development 
process to seek to obtain preliminary views 
on competitive impacts. 

(d) Variation in consumer impacts. The De-
partment will use regional analysis and sen-
sitivity analysis tools, as appropriate, to 
evaluate the potential distribution of im-
pacts of candidate standards levels among 
different subgroups of consumers. The De-
partment will consider impacts on signifi-
cant segments of consumers in determining 
standards levels. Where there are significant 
negative impacts on identifiable subgroups, 
DOE will consider the efficacy of voluntary 
approaches as a means to achieve potential 
energy savings. 

(e) Payback period and first cost. (1) In the 
assessment of consumer impacts of stand-
ards, the Department will consider Life- 
Cycle Cost, Payback Period and Cost of Con-
served Energy to evaluate the savings in op-
erating expenses relative to increases in pur-
chase price. The Department intends to in-
crease the level of sensitivity analysis and 
scenario analysis for future rulemakings. 
The results of these analyses will be carried 
throughout the analysis and the ensuing un-
certainty described. 

(2) If, in the analysis of consumer impacts, 
the Department determines that a candidate 
standard level would result in a substantial 
increase in the product first costs to con-
sumers or would not pay back such addi-
tional first costs through energy cost sav-
ings in less than three years, Department 
will specifically assess the likely impacts of 
such a standard on low-income households, 
product sales and fuel switching. 

12. Consideration of Non-Regulatory 
Approaches 

(a) The Department recognizes that vol-
untary or other non-regulatory efforts by 
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manufacturers, utilities and other interested 
parties can result in substantial efficiency 
improvements. The Department intends to 
consider fully the likely effects of non-regu-
latory initiatives on product energy use, 
consumer utility and life cycle costs, manu-
facturers, competition, utilities and the en-
vironment, as well as the distribution of 
these impacts among different regions, con-
sumers, manufacturers and utilities. DOE 
will attempt to base its assessment on the 
actual impacts of such initiatives to date, 
but also will consider information presented 
regarding the impacts that any existing ini-
tiative might have in the future. Such infor-
mation is likely to include a demonstration 
of the strong commitment of manufacturers, 
distribution channels, utilities or others to 
such voluntary efficiency improvements. 
This information will be used in assessing 
the likely incremental impacts of estab-
lishing or revising standards, in assessing ap-
propriate effective dates for new or revised 
standards and in considering DOE support of 
non-regulatory initiatives. 

(b) DOE believes that non-regulatory ap-
proaches are valuable complements to the 
standards program. In particular, DOE will 
consider pursuing voluntary programs where 
it appears that highly efficient products can 
obtain a significant market share but less ef-
ficient products cannot be eliminated alto-
gether because, for instance, of unacceptable 
adverse impacts on a significant subgroup of 
consumers. In making this assessment, the 
Department will consider the success more 
efficient designs have had in the market, 
their acceptance to date, and their potential 
market penetration. 

13. Crosscutting Analytical Assumptions 

In selecting values for certain crosscutting 
analytical assumptions, DOE expects to con-
tinue relying upon the following sources and 
general principles: 

(a) Underlying economic assumptions. The 
appliance standards analyses will generally 
use the same economic growth and develop-
ment assumptions that underlie the most 
current Annual Energy Outlook (AEO) pub-
lished by the Energy Information Adminis-
tration (EIA). 

(b) Energy price and demand trends. Anal-
yses of the likely impact of appliance stand-
ards on typical users will generally adopt the 
mid-range energy price and demand scenario 
of the EIA’s most current AEO. The sensi-
tivity of such estimated impacts to possible 
variations in future energy prices are likely 
to be examined using the EIA’s high and low 
energy price scenarios. 

(c) Product-specific energy-efficiency trends, 
without updated standards. Product specific 
energy-efficiency trends will be based on a 
combination of the efficiency trends forecast 
by the EIA’s residential and commercial de-
mand model of the National Energy Mod-

eling System (NEMS) and product-specific 
assessments by DOE and its contractors with 
input from interested parties. 

(d) Discount rates. For residential and com-
mercial consumers, ranges of three different 
real discount rates will be used. For residen-
tial consumers, the mid-range discount rate 
will represent DOE’s approximation of the 
average financing cost (or opportunity costs 
of reduced savings) experienced by typical 
consumers. Sensitivity analyses will be per-
formed using discount rates reflecting the 
costs more likely to be experienced by resi-
dential consumers with little or no savings 
and credit card financing and consumers 
with substantial savings. For commercial 
users, a mid-range discount rate reflecting 
the DOE’s approximation of the average real 
rate of return on commercial investment 
will be used, with sensitivity analyses being 
performed using values indicative of the 
range of real rates of return likely to be ex-
perienced by typical commercial businesses. 
For national net present value calculations, 
DOE would use the Administration’s ap-
proximation of the average real rate of re-
turn on private investment in the U.S. econ-
omy. For manufacturer impacts, DOE plans 
to use a range of real discount rates which 
are representative of the real rates of return 
experienced by typical U.S. manufacturers 
affected by the program. 

(e) Environmental impacts. The emission 
rates of carbon, sulfur oxides and nitrogen 
oxides used by DOE to calculate the physical 
quantities of emissions likely to be avoided 
by candidate standard levels will be based on 
the current average carbon emissions of the 
U.S. electric utilities and on the projected 
rates of emissions of sulfur and nitrogen ox-
ides. Projected rates of emissions, if avail-
able, will be used for the estimation of any 
other environmental impacts. The Depart-
ment will consider the effects of the pro-
posed standards on these emissions in reach-
ing a decision about whether the benefits of 
the proposed standards exceed their burdens 
but will not determine the monetary value of 
these environmental externalities. 

14. Deviations, Revisions, and Judicial Review 

(a) Deviations. This appendix specifies pro-
cedures, interpretations and policies for the 
development of new or revised energy effi-
ciency standards in considerable detail. As 
the approach described in this appendix is 
applied to the development of particular 
standards, the Department may find it nec-
essary or appropriate to deviate from these 
procedures, interpretations or policies. If the 
Department concludes that such deviations 
are necessary or appropriate in a particular 
situation, DOE will provide interested par-
ties with notice of the deviation and an ex-
planation. 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00614 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



605 

Department of Energy § 430.41 

(b) Revisions. If the Department concludes 
that changes to the procedures, interpreta-
tions or policies in this appendix are nec-
essary or appropriate, DOE will provide no-
tice in the FEDERAL REGISTER of modifica-
tions to this appendix with an accompanying 
explanation. DOE expects to consult with in-
terested parties prior to any such modifica-
tion. 

(c) Judicial review. The procedures, inter-
pretations, and policies stated in this appen-
dix are not intended to establish any new 
cause of action or right to judicial review. 

[61 FR 36981, July 15, 1996] 

Subpart D—Petitions To Exempt 
State Regulation From Pre-
emption; Petitions To Withdraw 
Exemption of State Regula-
tion 

SOURCE: 54 FR 6078, Feb. 7, 1989, unless oth-
erwise noted. 

§ 430.40 Purpose and scope. 
(a) This subpart prescribes the proce-

dures to be followed in connection with 
petitions requesting a rule that a State 
regulation prescribing an energy con-
servation standard, water conservation 
standard (in the case of faucets, 
showerheads, water closets, and uri-
nals), or other requirement respecting 
energy efficiency, energy use, or water 
use (in the case of faucets, 
showerheads, water closets, and uri-
nals) of a type (or class) of covered 
product not be preempted. 

(b) This subpart also prescribes the 
procedures to be followed in connection 
with petitions to withdraw a rule ex-
empting a State regulation prescribing 
an energy conservation standard, water 
conservation standard (in the case of 
faucets, showerheads, water closets, 
and urinals), or other requirement re-
specting energy efficiency, energy use, 
or water use (in the case of faucets, 
showerheads, water closets, and uri-
nals) of a type (or class) of covered 
product. 

[63 FR 13318, Mar. 18, 1998] 

§ 430.41 Prescriptions of a rule. 
(a) Criteria for exemption from preemp-

tion. Upon petition by a State which 
has prescribed an energy conservation 
standard, water conservation standard 
(in the case of faucets, showerheads, 

water closets, and urinals), or other re-
quirement for a type or class of covered 
equipment for which a Federal energy 
conservation standard or water con-
servation standard is applicable, the 
Secretary shall prescribe a rule that 
such standard not be preempted if he 
determines that the State has estab-
lished by a preponderance of evidence 
that such requirement is needed to 
meet unusual and compelling State or 
local energy interests or water inter-
ests. For the purposes of this section, 
the term ‘‘unusual and compelling 
State or local energy interests or water 
interests’’ means interests which are 
substantially different in nature or 
magnitude than those prevailing in the 
U.S. generally, and are such that when 
evaluated within the context of the 
State’s energy plan and forecast, or 
water plan and forecast the costs, bene-
fits, burdens, and reliability of energy 
savings or water savings resulting from 
the State regulation make such regula-
tion preferable or necessary when 
measured against the costs, benefits, 
burdens, and reliability of alternative 
approaches to energy savings or water 
savings or production, including reli-
ance on reasonably predictable mar-
ket-induced improvements in effi-
ciency of all equipment subject to the 
State regulation. The Secretary may 
not prescribe such a rule if he finds 
that interested persons have estab-
lished, by a preponderance of the evi-
dence, that the State’s regulation will 
significantly burden manufacturing, 
marketing, distribution, sale or serv-
icing of the covered equipment on a na-
tional basis. In determining whether to 
make such a finding, the Secretary 
shall evaluate all relevant factors in-
cluding: the extent to which the State 
regulation will increase manufacturing 
or distribution costs of manufacturers, 
distributors, and others; the extent to 
which the State regulation will dis-
advantage smaller manufacturers, dis-
tributors, or dealers or lessen competi-
tion in the sale of the covered product 
in the State; the extent to which the 
State regulation would cause a burden 
to manufacturers to redesign and 
produce the covered product type (or 
class), taking into consideration the 
extent to which the regulation would 
result in a reduction in the current 
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models, or in the projected availability 
of models, that could be shipped on the 
effective date of the regulation to the 
State and within the U.S., or in the 
current or projected sales volume of 
the covered product type (or class) in 
the State and the U.S.; and the extent 
to which the State regulation is likely 
to contribute significantly to a pro-
liferation of State appliance efficiency 
requirements and the cumulative im-
pact such requirements would have. 
The Secretary may not prescribe such 
a rule if he finds that such a rule will 
result in the unavailability in the 
State of any covered product (or class) 
of performance characteristics (includ-
ing reliability), features, sizes, capac-
ities, and volumes that are substan-
tially the same as those generally 
available in the State at the time of 
the Secretary’s finding. The failure of 
some classes (or types) to meet this 
criterion shall not affect the Sec-
retary’s determination of whether to 
prescribe a rule for other classes (or 
types). 

(1) Requirements of petition for exemp-
tion from preemption. A petition from a 
State for a rule for exemption from 
preemption shall include the informa-
tion listed in paragraphs (a)(1)(i) 
through (a)(1)(vi) of this section. A pe-
tition for a rule and correspondence re-
lating to such petition shall be avail-
able for public review except for con-
fidential or proprietary information 
submitted in accordance with the De-
partment of Energy’s Freedom of Infor-
mation Regulations set forth in 10 CFR 
part 1004: 

(i) The name, address, and telephone 
number of the petitioner; 

(ii) A copy of the State standard for 
which a rule exempting such standard 
is sought; 

(iii) A copy of the State’s energy plan 
or water plan and forecast; 

(iv) Specification of each type or 
class of covered product for which a 
rule exempting a standard is sought; 

(v) Other information, if any, be-
lieved to be pertinent by the peti-
tioner; and 

(vi) Such other information as the 
Secretary may require. 

(2) [Reserved] 
(b) Criteria for exemption from preemp-

tion when energy emergency conditions or 

water emergency conditions (in the case of 
faucets, showerheads, water closets, and 
urinals) exist within State. Upon petition 
by a State which has prescribed an en-
ergy conservation standard or water 
conservation standard (in the case of 
faucets, showerheads, water closets, 
and urinals) or other requirement for a 
type or class of covered product for 
which a Federal energy conservation 
standard or water conservation stand-
ard is applicable, the Secretary may 
prescribe a rule, effective upon publica-
tion in the FEDERAL REGISTER, that 
such State regulation not be preempted 
if he determines that in addition to 
meeting the requirements of paragraph 
(a) of this section the State has estab-
lished that: an energy emergency con-
dition or water emergency condition 
exists within the State that imperils 
the health, safety, and welfare of its 
residents because of the inability of the 
State or utilities within the State to 
provide adequate quantities of gas, 
electric energy, or water to its resi-
dents at less than prohibitive costs; 
and cannot be substantially alleviated 
by the importation of energy or water 
or the use of interconnection agree-
ments; and the State regulation is nec-
essary to alleviate substantially such 
condition. 

(1) Requirements of petition for exemp-
tion from preemption when energy emer-
gency conditions or water emergency con-
ditions (in the case of faucets, 
showerheads, water closets, and urinals) 
exist within a State. A petition from a 
State for a rule for exemption from 
preemption when energy emergency 
conditions or water emergency condi-
tions exist within a State shall include 
the information listed in paragraphs 
(a)(1)(i) through (a)(1)(vi) of this sec-
tion. A petition shall also include the 
information prescribed in paragraphs 
(b)(1)(i) through (b)(1)(iv) of this sec-
tion, and shall be available for public 
review except for confidential or pro-
prietary information submitted in ac-
cordance with the Department of Ener-
gy’s Freedom of Information Regula-
tions set forth in 10 CFR part 1004: 

(i) A description of the energy emer-
gency condition or water emergency 
condition (in the case of faucets, 

VerDate Sep<11>2014 09:14 Mar 23, 2015 Jkt 235032 PO 00000 Frm 00616 Fmt 8010 Sfmt 8002 Q:\10\10V3.TXT 31



607 

Department of Energy § 430.42 

showerheads, water closets, and uri-
nals) which exists within the State, in-
cluding causes and impacts. 

(ii) A description of emergency re-
sponse actions taken by the State and 
utilities within the State to alleviate 
the emergency condition; 

(iii) An analysis of why the emer-
gency condition cannot be alleviated 
substantially by importation of energy 
or water or the use of interconnection 
agreements; and 

(iv) An analysis of how the State 
standard can alleviate substantially 
such emergency condition. 

(2) [Reserved] 
(c) Criteria for withdrawal of a rule ex-

empting a State standard. Any person 
subject to a State standard which, by 
rule, has been exempted from Federal 
preemption and which prescribes an en-
ergy conservation standard or water 
conservation standard (in the case of 
faucets, showerheads, water closets, 
and urinals) or other requirement for a 
type or class of a covered product, 
when the Federal energy conservation 
standard or water conservation stand-
ard (in the case of faucets, 
showerheads, water closets, and uri-
nals) for such product subsequently is 
amended, may petition the Secretary 
requesting that the exemption rule be 
withdrawn. The Secretary shall con-
sider such petition in accordance with 
the requirements of paragraph (a) of 
this section, except that the burden 
shall be on the petitioner to dem-
onstrate that the exemption rule re-
ceived by the State should be with-
drawn as a result of the amendment to 
the Federal standard. The Secretary 
shall withdraw such rule if he deter-
mines that the petitioner has shown 
the rule should be withdrawn. 

(1) Requirements of petition to with-
draw a rule exempting a State standard. 
A petition for a rule to withdraw a rule 
exempting a State standard shall in-
clude the information prescribed in 
paragraphs (c)(1)(i) through (c)(1)(vii) 
of this section, and shall be available 
for public review, except for confiden-
tial or proprietary information sub-
mitted in accordance with the Depart-
ment of Energy’s Freedom of Informa-
tion Regulations set forth in 10 CFR 
part 1004: 

(i) The name, address and telephone 
number of the petitioner; 

(ii) A statement of the interest of the 
petitioner for which a rule withdrawing 
an exemption is sought; 

(iii) A copy of the State standard for 
which a rule withdrawing an exemption 
is sought; 

(iv) Specification of each type or 
class of covered product for which a 
rule withdrawing an exemption is 
sought; 

(v) A discussion of the factors con-
tained in paragraph (a) of this section; 

(vi) Such other information, if any, 
believed to be pertinent by the peti-
tioner; and 

(vii) Such other information as the 
Secretary may require. 

(2) [Reserved] 

[63 FR 13318, Mar. 18, 1998] 

§ 430.42 Filing requirements. 
(a) Service. All documents required to 

be served under this subpart shall, if 
mailed, be served by first class mail. 
Service upon a person’s duly author-
ized representative shall constitute 
service upon that person. 

(b) Obligation to supply information. A 
person or State submitting a petition 
is under a continuing obligation to pro-
vide any new or newly discovered infor-
mation relevant to that petition. Such 
information includes, but is not lim-
ited to, information regarding any 
other petition or request for action 
subsequently submitted by that person 
or State. 

(c) The same or related matters. A per-
son or State submitting a petition or 
other request for action shall state 
whether to the best knowledge of that 
petitioner the same or related issue, 
act, or transaction has been or pres-
ently is being considered or inves-
tigated by any State agency, depart-
ment, or instrumentality. 

(d) Computation of time. (1) Computing 
any period of time prescribed by or al-
lowed under this subpart, the day of 
the action from which the designated 
period of time begins to run is not to 
be included. If the last day of the pe-
riod is Saturday, or Sunday, or Federal 
legal holiday, the period runs until the 
end of the next day that is neither a 
Saturday, or Sunday or Federal legal 
holiday. 
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(2) Saturdays, Sundays, and inter-
vening Federal legal holidays shall be 
excluded from the computation of time 
when the period of time allowed or pre-
scribed is 7 days or less. 

(3) When a submission is required to 
be made within a prescribed time, DOE 
may grant an extension of time upon 
good cause shown. 

(4) Documents received after regular 
business hours are deemed to have been 
submitted on the next regular business 
day. Regular business hours for the 
DOE’s National Office, Washington, 
DC, are 8:30 a.m. to 4:30 p.m. 

(5) DOE reserves the right to refuse 
to accept, and not to consider, un-
timely submissions. 

(e) Filing of petitions. (1) A petition 
for a rule shall be submitted in trip-
licate to: The Assistant Secretary for 
Conservation and Renewable Energy, 
U.S. Department of Energy, Section 327 
Petitions, Appliance Efficiency Stand-
ards, Forrestal Building, 1000 Independ-
ence Avenue, SW., Washington, DC 
20585. 

(2) A petition may be submitted on 
behalf of more than one person. A joint 
petition shall indicate each person par-
ticipating in the submission. A joint 
petition shall provide the information 
required by § 430.41 for each person on 
whose behalf the petition is submitted. 

(3) All petitions shall be signed by 
the person(s) submitting the petition 
or by a duly authorized representative. 
If submitted by a duly authorized rep-
resentative, the petition shall certify 
this authorization. 

(4) A petition for a rule to withdraw 
a rule exempting a State regulation, 
all supporting documents, and all fu-
ture submissions shall be served on 
each State agency, department, or in-
strumentality whose regulation the pe-
titioner seeks to supersede. The peti-
tion shall contain a certification of 
this service which states the name and 
mailing address of the served parties, 
and the date of service. 

(f) Acceptance for filing. (1) Within fif-
teen (15) days of the receipt of a peti-
tion, the Secretary will either accept it 
for filing or reject it, and the peti-
tioner will be so notified in writing. 
The Secretary will serve a copy of this 
notification on each other party served 
by the petitioner. Only such petitions 

which conform to the requirements of 
this subpart and which contain suffi-
cient information for the purposes of a 
substantive decision will be accepted 
for filing. Petitions which do not so 
conform will be rejected and an expla-
nation provided to petitioner in writ-
ing. 

(2) For purposes of the Act and this 
subpart, a petition is deemed to be filed 
on the date it is accepted for filing. 

(g) Docket. A petition accepted for fil-
ing will be assigned an appropriate 
docket designation. Petitioner shall 
use the docket designation in all subse-
quent submissions. 

§ 430.43 Notice of petition. 

(a) Promptly after receipt of a peti-
tion and its acceptance for filing, no-
tice of such petition shall be published 
in the FEDERAL REGISTER. The notice 
shall set forth the availability for pub-
lic review of all data and information 
available, and shall solicit comments, 
data and information with respect to 
the determination on the petition. Ex-
cept as may otherwise be specified, the 
period for public comment shall be 60 
days after the notice appears in the 
FEDERAL REGISTER. 

(b) In addition to the material re-
quired under paragraph (a) of this sec-
tion, each notice shall contain a sum-
mary of the State regulation at issue 
and the petitioner’s reasons for the 
rule sought. 

§ 430.44 Consolidation. 

DOE may consolidate any or all mat-
ters at issue in two or more pro-
ceedings docketed where there exist 
common parties, common questions of 
fact and law, and where such consolida-
tion would expedite or simplify consid-
eration of the issues. Consolidation 
shall not affect the right of any party 
to raise issues that could have been 
raised if consolidation had not oc-
curred. 

§ 430.45 Hearing. 

The Secretary may hold a public 
hearing, and publish notice in the FED-
ERAL REGISTER of the date and location 
of the hearing, when he determines 
that such a hearing is necessary and 
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likely to result in a timely and effec-
tive resolution of the issues. A tran-
script shall be kept of any such hear-
ing. 

§ 430.46 Disposition of petitions. 
(a) After the submission of public 

comments under § 430.42(a), the Sec-
retary shall prescribe a final rule or 
deny the petition within 6 months after 
the date the petition is filed. 

(b) The final rule issued by the Sec-
retary or a determination by the Sec-
retary to deny the petition shall in-
clude a written statement setting forth 
his findings and conclusions, and the 
reasons and basis therefor. A copy of 
the Secretary’s decision shall be sent 
to the petitioner and the affected State 
agency. The Secretary shall publish in 
the FEDERAL REGISTER a notice of the 
final rule granting or denying the peti-
tion and the reasons and basis therefor. 

(c) If the Secretary finds that he can-
not issue a final rule within the 6- 
month period pursuant to paragraph 
(a) of this section, he shall publish a 
notice in the FEDERAL REGISTER ex-
tending such period to a date certain, 
but no longer than one year after the 
date on which the petition was filed. 
Such notice shall include the reasons 
for the delay. 

§ 430.47 Effective dates of final rules. 
(a) A final rule exempting a State 

standard from Federal preemption will 
be effective: 

(1) Upon publication in the FEDERAL 
REGISTER if the Secretary determines 
that such rule is needed to meet an 
‘‘energy emergency condition or water 
emergency condition (in the case of 
faucets, showerheads, water closets, 
and urinals)’’ within the State. 

(2) Three years after such rule is pub-
lished in the FEDERAL REGISTER; or 

(3) Five years after such rule is pub-
lished in the FEDERAL REGISTER if the 
Secretary determines that such addi-
tional time is necessary due to the bur-
dens of retooling, redesign or distribu-
tion. 

(b) A final rule withdrawing a rule 
exempting a State standard will be ef-
fective upon publication in the FED-
ERAL REGISTER. 

[54 FR 6078, Feb. 7, 1989, as amended at 63 FR 
13319, Mar. 18, 1998] 

§ 430.48 Request for reconsideration. 

(a) Any petitioner whose petition for 
a rule has been denied may request re-
consideration within 30 days of denial. 
The request shall contain a statement 
of facts and reasons supporting recon-
sideration and shall be submitted in 
writing to the Secretary. 

(b) The denial of a petition will be re-
considered only where it is alleged and 
demonstrated that the denial was 
based on error in law or fact and that 
evidence of the error is found in the 
record of the proceedings. 

(c) If the Secretary fails to take ac-
tion on the request for reconsideration 
within 30 days, the request is deemed 
denied, and the petitioner may seek 
such judicial review as may be appro-
priate and available. 

(d) A petitioner has not exhausted 
other administrative remedies until a 
request for reconsideration has been 
filed and acted upon or deemed denied. 

§ 430.49 Finality of decision. 

(a) A decision to prescribe a rule that 
a State energy conservation standard, 
water conservation standard (in the 
case of faucets, showerheads, water 
closets, and urinals) or other require-
ment not be preempted is final on the 
date the rule is issued, i.e., signed by 
the Secretary. A decision to prescribe 
such a rule has no effect on other regu-
lations of a covered product of any 
other State. 

(b) A decision to prescribe a rule 
withdrawing a rule exempting a State 
standard or other requirement is final 
on the date the rule is issued, i.e., 
signed by the Secretary. A decision to 
deny such a petition is final on the day 
a denial of a request for reconsider-
ation is issued, i.e., signed by the Sec-
retary. 

[54 FR 6078, Feb. 7, 1989, as amended at 63 FR 
13319, Mar. 18, 1998] 

Subpart E—Small Business 
Exemptions 

SOURCE: 54 FR 6080, Feb. 7, 1989, unless oth-
erwise noted. 
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§ 430.50 Purpose and scope. 
(a) This subpart establishes proce-

dures for the submission and disposi-
tion of applications filed by manufac-
turers of covered consumer products 
with annual gross revenues that do not 
exceed $8 million to exempt them tem-
porarily from all or part of energy con-
servation standards or water conserva-
tion standards (in the case of faucets, 
showerheads, water closets, and uri-
nals) established by this part. 

(b) The purpose of this subpart is to 
provide content and format require-
ments for manufacturers of covered 
consumer products with low annual 
gross revenues who desire to apply for 
temporary exemptions from applicable 
energy conservation standards or water 
conservation standards (in the case of 
faucets, showerheads, water closets, 
and urinals) . 

[54 FR 6080, Feb. 7, 1989, as amended at 63 FR 
13319, Mar. 18, 1998] 

§ 430.51 Eligibility. 
Any manufacturer of a covered prod-

uct with annual gross revenues that do 
not exceed $8,000,000 from all its oper-
ations (including the manufacture and 
sale of covered products) for the 12- 
month period preceding the date of ap-
plication may apply for an exemption. 
In determining the annual gross reve-
nues of any manufacturer under this 
subpart, the annual gross revenue of 
any other person who controls, is con-
trolled, by, or is under common control 
with, such manufacturer shall be taken 
into account. 

§ 430.52 Requirements for applica-
tions. 

(a) Each application filed under this 
subpart shall be submitted in triplicate 
to: U.S. Department of Energy, Small 
Business Exemptions, Appliance Effi-
ciency Standards, Assistant Secretary 
for Conservation and Renewable En-
ergy, Forrestal Building, 1000 Independ-
ence Avenue, SW., Washington, DC 
20585. 

(b) An application shall be in writing 
and shall include the following: 

(1) Name and mailing address of ap-
plicant; 

(2) Whether the applicant controls, is 
controlled by, or is under common con-

trol with another manufacturer, and if 
so, the nature of that control relation-
ship; 

(3) The text or substance of the 
standard or portion thereof for which 
the exemption is sought and the length 
of time desired for the exemption; 

(4) Information showing the annual 
gross revenue of the applicant for the 
preceding 12-month period from all of 
its operations (including the manufac-
ture and sale of covered products): 

(5) Information to show that failure 
to grant an exemption is likely to re-
sult in a lessening of competition; 

(6) Such other information, if any, 
believed to be pertinent by the peti-
tioner; and 

(7) Such other information as the 
Secretary may require. 

§ 430.53 Processing of applications. 
(a) The applicant shall serve a copy 

of the application, all supporting docu-
ments and all subsequent submissions, 
or a copy from which confidential in-
formation has been deleted pursuant to 
10 CFR 1004.11, to the Secretary, which 
may be made available for public re-
view. 

(b) Within fifteen (15) days of the re-
ceipt of an application, the Secretary 
will either accept it for filing or reject 
it, and the applicant will be so notified 
in writing. Only such applications 
which conform to the requirements of 
this subpart and which contain suffi-
cient information for the purposes of a 
substantive decision will be accepted 
for filing. Applications which do not so 
conform will be rejected and an expla-
nation provided to the applicant in 
writing. 

(c) For the purpose of this subpart, 
an application is deemed to be filed on 
the date it is accepted for filing. 

(d) Promptly after receipt of an ap-
plication and its acceptance for filing, 
notice of such application shall be pub-
lished in the FEDERAL REGISTER. The 
notice shall set forth the availability 
for public review of data and informa-
tion available, and shall solicit com-
ments, data and information with re-
spect to the determination on the ap-
plication. Except as may otherwise be 
specified, the period for public com-
ment shall be 60 days after the notice 
appears in the FEDERAL REGISTER. 
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(e) The Secretary on his own initia-
tive may convene a hearing if, in his 
discretion, he considers such hearing 
will advance his evaluation of the ap-
plication. 

§ 430.54 Referral to the Attorney Gen-
eral. 

Notice of the application for exemp-
tion under this subpart shall be trans-
mitted to the Attorney General by the 
Secretary and shall contain (a) a state-
ment of the facts and of the reasons for 
the exemption, and (b) copies of all 
documents submitted. 

§ 430.55 Evaluation of application. 

The Secretary shall grant an applica-
tion for exemption submitted under 
this subpart if the Secretary finds, 
after obtaining the written views of the 
Attorney General, that a failure to 
allow an exemption would likely result 
in a lessening of competition. 

§ 430.56 Decision and order. 

(a) Upon consideration of the applica-
tion and other relevant information re-
ceived or obtained, the Secretary shall 
issue an order granting or denying the 
application. 

(b) The order shall include a written 
statement setting forth the relevant 
facts and the legal basis of the order. 

(c) The Secretary shall serve a copy 
of the order upon the applicant and 
upon any other person readily identifi-
able by the Secretary as one who is in-
terested in or aggrieved by such order. 
The Secretary also shall publish in the 
FEDERAL REGISTER a notice of the 
grant or denial of the order and the 
reason therefor. 

§ 430.57 Duration of temporary exemp-
tion. 

A temporary exemption terminates 
according to its terms but not later 
than twenty-four months after the af-
fective date of the rule for which the 
exemption is allowed. 

Subpart F [Reserved] 

§§ 430.60–430.75 [Reserved] 

APPENDIXES A–B TO SUBPART F OF PART 
430 [RESERVED] 

PART 431—ENERGY EFFICIENCY 
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MERCIAL AND INDUSTRIAL 
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